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Large Crystal Grain Size in Silicon—Chromium 


Valve Steel 


By C. C. Hodgson, A.Met., F.I.M., and H. G. Baron, B.Sc., L.ILM. 


SYNOPSIS 


Attention is drawn to a coarsely crystalline condition which has been observed in valves and valve forgings 


made of silicon—chromium steel. 


The relevant specifications are examined and their requirements considered. 


It is shown that certain British specifications do not exclude the production of coarsely crystalline valves. 
The influence of heat-treatment on microstructure is examined and experiments on plastic deformation 
are described ; it is held that these establish that plastic deformation at a red heat can cause a condition of 
critical strain capable of leading to critical grain growth on recrystallization. 
It is shown that a satisfactory structure can result from widely differing mechanical operations and heat- 
treatments, but certain combinations of these must be avoided if the absence of critical grain growth is to 


be assured. 


HE silicon—chromium valve steel known in the 

United States as Silchrome No. 1 and covered in 

this country by specification D.T.D. 13B, and 
more recently by En 52, has been much used for the 
manufacture of internal-combustion-engine exhaust 
valves. In recent years its popularity has decreased 
because of its relatively poor resistance to the products 
of combustion of heavily leaded fuels, but it is prob- 
ably true to say that more exhaust valves have been 
made from it than from all the other steels combined, 
and its use will no doubt continue for cool-running 
valves which are not subject to excessive chemical 
attack. It does not appear to be generally known 
that this steel is liable to develop an exceptionally 
large grain size during certain manufacturing opera- 
tions. This behaviour has been referred to briefly 
by Hodgson,* and the present paper is a summary 
of experiments made to determine its cause and to 
ascertain the steps necessary to ensure its absence 
from finished exhaust valves. 


OUTLINE OF INVESTIGATION 

Attention was first drawn to the problem by the 
failure of an exhaust valve, which broke when working 
under conditions that should have been well within 
the safe operating range for the steel. Examination 
disclosed a grain size far larger than normal, and 
preliminary investigation was made on valve forgings 
and finished valves found to be in a similar condition. 
The work was extended to include recrystallization 
experiments on mechanically worked material which 





* ©. C. Hodgson, Metallurgia, 1946, vol. 34, June, pp. 
69-76. 
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had been put initially into a fine-grained condition, 
and the heat-treatment of coarsely crystalline rod and 
normal forged bars. 

EXAMINATION OF VALVES 

A large number of valve forgings and unused valves 
were etched in solution C (see page 82.) Those 
showing evidence of enlarged grains were sectioned 
or broken for examination. The zone of coarsely 
crystalline material was confined to the neck and 
head—sometimes to the neck alone. The volume of 
steel affected varied considerably in the different 
Specimens, extending, in some instances, right through 
the valve, but in others being confined to a thin 
annulus at the surface. All possible variations between 
these two extremes were found, but Fig. 2 is a typical 
example. In other instances a narrow annulus of 
considerable length was situated just below the surface, 
with very little evidence of large crystals at the 
surface itself (see Fig. 3). ; 

Variations in the method of manufacture, which 
might lead to the large crystal grain size exhibited, 
were considered. The appearance of the affected 
regions suggested material annealed after critical cold 
work, and the most probable explanation was to 
suppose the valves to have received a degree of cold 
work corresponding to a condition of critical strain. 
Such a condition would lead to rapid grain growth 
during heat-treatment, and the presence of the large 





Manuscript received 23rd September, 1948. 
: a Hodgson is Chief Metallurgist at Leyland Motors, 
ite . i 

Mr. Baron, formerly on the laboratory staff of Leyland 
Motors, Ltd., is engaged on post-graduate work at 
Manchester University. 


FEBRUARY, 1949 
A 








82 HODGSON AND BARON: 





LARGE GRAIN SIZE IN SI-CR VALVE STEEL 











Table I 
CHEMICAL COMPOSITION AND HEAT-TREATMENT SPECIFIED IN D.T.D. 13B AND EN 52 
Composition, % Heat-Treatment, ° C. 
Steel Specification 
Cc Si Cr Harden Temper 
D.T.D. 13B 0-40-0-50 3-25-3-75 7-50-8-50 950 650-750 
B.S. 970 : 1942 0-40-0-50 3-00-3:-75 7-50-9-50 950-1050 656-850 
En 
B.S. 970 : 1947 0-40-0-50 3:-00-3-75 7-50—9-50 1000-1050 650-850 




















grains in the quenched steel would indicate that the 
temperature of the « + y transformation had not 
been exceeded during the process. This would pre- 
suppose hardening from a temperature below that 
specified, or else that the minimum specified tempera- 
ture was too low. Before considering the recrystal- 
lization of cold-worked material, it is proposed to 
examine the relevant specifications and the heat- 
treatment of normal silicon—chromium steel. 


RELEVANT SPECIFICATIONS 


‘the relevant specifications at the time this work 
vas done were D.T.D. 13B and En 52; B.S. 970 has 
since then been revised and certain changes have been 
made to the second of these specifications. The heat- 
treatment requirements for steel V24 in the STA5 
series, 1942 and 1945 editions, are the same as those 
for B.S. 970, 1942 edition. The important particulars 
are summarized in Table 1. 

It is known that chromium raises the Ac, point 
by about 10°C. for each 1% present, and silicon 
about 50°C. for the same amount; it is evident, 
therefore, that a temperature of 950° C, may be very 
close to, or even below, the change point for this 
steel. 


HEAT TREATMENT 


One half of the valve shown in Fig. 2 was cut in 
two and the pieces heated to 950°C. and 1050°C., 
soaked for 30 min., and quenched in oil. In Fig. 4 
these specimens are shown after macro-etching ; the 
former (right) shows very little change, as the large 
crystals are still present, but in the latter (left) they 
have completely disappeared. The right-hand speci- 
men was subsequently reheated to 1000° C., soaked 
for 30 min., and quenched in oil, after which, traces 
only of the large crystal grains were left. The steel 
contained 0-51% C, 3-8% Si, 7-9% Cr, and it would 
appear that a hardening temperature slightly higher 
than 1000°C. is needed for its satisfactory heat- 
treatment under certain imposed conditions, although, 
as will be shown later, a temperature of 950° C. may 
be ample under others. These results were checked 
by similar experiments on other valve forgings. 

THE INFLUENCE OF HARDENING TEMPERATURE 
ON HARDNESS AND FRACTURE ° 

Small pieces of fine-grained, hardened, and tem- 
pered steel, containing 0-51% C, 3-8% Si, and 7-9% 
Cr, were reheated to temperatures between 850° 
and 1050° C., soaked for 30 min., and quenched in 
oil. The results of hardness determinations are shown 
in Fig. 1. Only slight hardening has taken place 
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after quenching from 950° C., and a temperature of 
at least 1050° C. is needed to develop full hardness. 

A number of different samples of silicon—chromium 
steel were submitted to heat-treatment and examined 
for hardness and fracture. The results of some of 
these experiments have been collected in Tables II to 
IV. It will be noted that there is considerable varia- 
tion in the temperature to which the different steels 
can be reheated before the commencement of coarsen- 
ing beyond the porcelain-like type of fracture. 


THE INFLUENCE OF HEAT-TREATMENT ON 
MICROSTRUCTURE 


In addition to the usual alcoholic nitric acid the 
following etching reagents were used : 





Solution A* Ferric chloride wig: 
Hydrochloric acid 10m. 
Alcohol 90 ml. 
Solution Bf Cupric sulphate 10 g.! 
Hydrochloric acid 50 ml. 
Water 60 ml. 
Solution C Hydrochloric acid 50 ml. 
10% chromic acid 650ml. 
in water 
* This reagent was suggested by Mr. W. J. Dawson. 

















+ Marble’s solution. A.S.M. Metals Handbook, 1936 
edition, p. 539. 
700 dit e 
o——eAs quenched 
a-----a Tempered for 2he 
ot 7OO°C WQ 
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HARDENING TEMPERATURE, °C 


Fig. 1—Relation between hardening 
temperature and hardness 
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Fig. 2—Longitudinal section 
through valve head, etched 


with reagent C 


Natural size 


"950°C, 





Fig. 3—Valve forging showing 
(A) annulus of large crystal 


Fig. 4—-Sections from valve 
shown in Fig. 2, (right) after 


below the surface, and (B reheating to 950° C., and 
narrow band at the surface. left) 1050° C. Quenched in 
Etched with reagent C oil, after soaking for 30 
About natural size min, Etched with reagent 

Cc Natural size 


Initial Fracture 








Fig. 5—Forged bar § in. dia. Oil-hardened from 1070 Fig. 6—-Forged bar 3 in. dia. Oil-hardened from 1070 C. 
C. Reheated to the temperatures shown, and quenched Reheated to the temperatures shown, and quenched in 
in oil eis oil. Tempered for 1 hr. at 850° C. 3 














Fig. 7—Microstructure of coarsely 
crystalline rod heated for 40 
min. at 960° C.; oil-quenched. 
Etched in solution A x 


50 








ree, As Fe £4 
othe nade x. 
os ae. , 
Fig. 10—Typical structure of heat- 
treated valve as received. 
Etched in solution A < 1000 








Fig. 8—-Same field as Fig. 7, re- 
polished and etched in solution B 
50 





Fig. 11—-Microstructure of valve 
heated to 1060° C., oil-quenched ; 
reheated for 40 min. at 940° C., 
oil- quenched ; tempered for 
3 hr. at 850°C. H, 262 x 1000 





Fig. 13—-Microstructure of valve 
heated to 1060° C., oil-quenched ; 
reheated for 40 min. at 940° C., 
oil-quenched. Etched in solu- 
tion A, then in B < 200 


Hodgson and Baron] 


Fig. 14—Same specimen as in 


Fig. 13. H,,, 431 < 1000 








Fig. 9—Same field and etching as 
Fig. 8, showing corner of 
rhomboidal area of martensite 
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Fig. 12—Microstructure of valve 
heated to 1060° C. for 10 min., 
oil-quenched ; tempered for 3 hr. 
at 850°C. H,,, 292 


«0 


x 





Fig. 15—Microstructure of valve 
heated to 1060° C., oil-quenched; 
reheated for 40 min. at 940° C., 
oil-quenched. Tempered for 10 
min. in a salt bath at 850° C. 
Etched in solution A. H,,,270 

















- ( 
Or 7 "D .0g8 ol ‘9.088 “ 


o ° ‘. 2 = 6 e -— “a H I9T000- 2 ter " 2B ‘ ’ 
mB “IY OF LOUIS B 1995S ‘GT “FA UE SV OF “FH 18 “AY OL J0yIANY & Jade ‘ST “Sta UESV 61 Sta 1D 606 35 Pouneaee pas GameTt-oma ot“ 
; pauresys ouyess-oury— St “Sta 


rson and liaron 


Hlod 







ge ‘) .0S8 38 “4Y ZE 
yO [¥}0} & 1OJ Suyvoy 190338 OT “Sly UT Se UsLUDeds BUIKS nH : oe a "IW Z 1OJ *D .OG8 0} pazvayat puv pajood 


 QUIYOVUE []IULIG UT ‘HD .006 38 PpelUapur usUTPedg— 91 “S14 




















< 


> PN pe , ~ 
2=¢@ , @ Le hey fataBe v GOON, 2 eons 


r + og 


ve 
ir. 





Ph ee a 





(a) (c) 
Fig. 21—-(a) Fine-grained rod strained at 750° C., and reheated for 2 hr. at 850° C. ; air-cooled (« 10); (6b) Asin 
Fig. 2la after a further 10 hr. at 850° C.; air-cooled (Natural size); (c) As in Fig. 216 (= 16); (d) Asin 
Fig. 216 after a further 20 hr. at 850° C.; air-cooled (Natural size) 





Fig. 23—Fractures of coarsely crystalline Fig. 24-Crystal grains of one of the rods in Fig. 
rods }} in. dia. < 3 23 developed by etching in solution A »~ 50 
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Table II 


APPEARANCE OF FRACTURE IN I1-IN. DIA. BAR 
FORGED ‘TO 3j-IN. DIA. (FIGS. 5 AND 6) 
Analysis, C 0-46%, Si3-1%, Cr 7-5%. Heated to 1070° C., soaked 


for 10 min., quenched in oil. Initial fracture, crystalline and mica- 
ceous. Reheated, soaked for 10 min., and quenched in oil 


Table III 


APPEARANCE OF FRACTURE IN EXTRUDED 
VALVE STEM 


Analysis, C 0:43%, Si 3:3%, Cr 7-5%. Heated to 1060° C. for 
4 min. in salt bath and quenched in oil. Initial fractore, finely 
crystalline and porcelain-like. Reheated, soaked for 40 min.,, and 
quenched in oil 











slightly granular 
950 Very finely crystal- | Very finely crystal- 
line, porcelain-like line, slightly gran- 
ular 

















Reagent A shows up the carbide particles, as it 
tends to attack and darken ferrite before martensite. 
Long etching in this reagent will reveal large chromi- 
ferous-ferrite crystals but will form etching pits and 
roughen the surface. 

Reagent B darkens martensite more rapidly than 
it does ferrite, and reveals martensite-ferrite struc- 
tures very satisfactorily. Unfortunately it tends to 
attack the carbides unevenly, and because of this it 
is often useful to etch the section first for a short 
time in solution A to show up the carbides, and then 
in solution B to reveal the martensite. 

After etching with solution C the specimen should 
be washed in water and then swabbed with cotton 
wool to remove the grey surface film before finally 
washing and drying. This solution was used chiefly 
to develop structures for macro-examination. 

The effect of hardening temperatures within the 
range 940°-1070° C. was examined. Hardening from 
between 940° and 980° C. to 1010° C. gave structures 
consisting of carbide particles in a matrix of ferrite 
and martensite. In one steel no ferrite was found 
after quenching from 980°C.; in another, small 
quantities of ferrite were still present after quenching 
from 1000°C. Hardening temperatures of 1010°- 
1070° C. gave structures consisting of carbide particles 
in a fully martensitic matrix. 

Typical results of etching with solutions A and B 


Reheating T ii Soe dhe, Reheating | Hardness, 
Temp., Ao anhaned mee tA r at > tas Hp /30 Fracture As-hardened 
: 1060 730 Crystalline, micaceous 

1050 Finely crystalline, Finely crystalline = ee . 
slightly micaceous | rough, granular asso 78 oe crystalline, porcelain 

1025 Very finely crystal- | Finely crystalline : : 
line, porcelain-like | rough, granular’ poe Fin Fine, porcelain-like 

1000 Fine, porcelain-like | Fine, porcelain-like 980 655 bi +e 

975 =i a Finely crystalline, = — 

















are illustrated by Figs. 7 and 8, where the material 
used was coarsely crystalline rod similar to that shown 
in Fig. 23. A portion of the small rhomboidal area 
of martensite to be seen near the centre of the field 
in Figs. 7 and 8 is shown in Fig. 9 at higher magnifi- 
cation ; as would be expected, the carbide spheroids 
appear to be slightly less numerous and smaller in 
size in the martensitic region, than in the ferrite. 

The effect of increasing the quenching temperature 
from that required to take the last of the ferrite into 
solution up to 1070°C. (the highest quenching 
temperature used in these experiments) is to make 
the martensite more acicular, and to dissolve increas- 
ing amounts of carbide. The increased carbon content 
of the resulting martensite is reflected in the hardness 
of the quenched steel. Thus, a specimen quenched 
from 980° C. had a diamond pyramid hardness number 
of 655 (the structure did not contain any ferrite), and 
another piece of the same steel, quenched from 
1060° C., had a hardness number of 730. 

The tempering of a fully martensitic silicon— 
chromium steel would be expected to produce a 
structure of carbide spheroids and sorbite, and after 
tempering in the lower part of the specified tempering 
range such a structure is found. Most valves made 
from the steel, however, have a structure of chromi- 
ferous-ferrite matrix and carbide particles, Fig. 10 
showing a typical example. This structure is found 
after tempering towards the upper limit of the 
tempering range in specimens that have received 
widely varying quenching treatments, as in Figs. 11 
and 12. Atthe temperature of 850° C. the martensite 


Table IV 
APPEARANCE OF FRACTURE IN EXTRUDED VALVE STEM 


Heated to 1070° C. for 4 min. in a salt bath and quenched in oil. Initial fracture, coarsely crystalline and micaceous. Reheated, soaked for 
40 min. and quenched in oil 

















+ oss p a Fracture As-hardened Fracture Tempered for 2 hr. at 850° C. 
1060 720 Crystalline, micaceous Coarsely crystalline, rough granular 
1040 Finely crystalline, slightly micaceous Finely crystalline, rough granular 
1020 ” ” ” ” ” 9 %” ” 

1000 9 ” ” ” ” ” ” 
980 Porcelain-like Finely crystalline 

960 Finely crystalline, porcelain-like Pr +9 

940 420 Bh) ” ” ” ” 
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breaks down quickly and soon passes through the 
sorbite stage to attain the finely spheroidized type 
of structure. Diffusion is extremely rapid at first 
and thereafter proceeds slowly, with little change on 
prolonged tempering. The extreme rapidity with 
which this spheroidization takes place can be seen 
from an examination of Figs. 13, 14, and 15. The 
first and second of these show the martensite, ferrite, 
and carbide structure present after quenching from 
940°C. Tempering for 10 min. in a salt bath at 
850° C. has been long enough to produce the spheroid- 
ized structure ; by comparing Figs. 15 and 11 the 
small increase in the size of the carbide particles 
caused by an additional 170 minutes’ tempering will 
be seen. It will be noted also that very little additional 
softening has taken place as a result of an 18:1 
increase in tempering time. The rate of spheroidiza- 
tion depends to some extent on the previous quenching 
temperature, and the amount of carbon in solution. 
Specimens quenched from a low temperature spheroid- 
ize more quickly than those quenched from a high 
temperature. 


COARSE-GRAIN GROWTH INDUCED BY MECH- 
ANICAL WORK AND ANNEALING 

It has already been said that cold work was con- 
sidered to be the most probable cause of the large 
type of grain growth under investigation. The term 
* cold work ”’ is used here in a relative sense. It was 
«wppreciated that valves were likely to be at a fairly 
high temperature on completion of the forming 
operations, however made, but it did not seem to be 
unreasonable to believe that a temperature corre- 
sponding to the completion of hot working for a mild 
steel might impose the equivalent of cold work-when 
applied to silicon—chromium steel. 

A piece of silicon-chromium steel, free from large 
vrains, was hardened from 1050°C., reheated to 
400° C., and indented, while hot, on a Brinell machine, 
using a 10-mm. ball with a load of 3000 kg. applied 
for 15 sec. This specimen was reheated to 850° C. 
for 2 hr., cooled in air, sectioned, and etched. Con- 
siderable grain growth was found to have taken place 
(Fig. 16), and growth continued as the time of re- 
heating was increased (Fig. 17). It was realized that 
the relatively long duration of contact between the 
cold Brinell ball and the hot steel would tend to 
cause considerable local cooling. Although this cooling 
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was perhaps no greater than is possible during some 
processes of valve manufacture, it was thought 
advisable to establish whether or not the effect could 
be produced at will by varying the straining tempera- 
ture. To this end the following experiment was 
devised. 

Fine-grained rod, free from decarburization, was 
hardened in oil from 1050°C. Specimens from this 
rod were reheated to various temperatures and bent 
hot through an angle of rather more than 90° with 
the least possible loss of temperature, and then 
allowed to cool in air. The specimens were then 
reheated for 2 hr. at 850° C., cooled in air, sectioned, 
and etched. The reheating and etching were repeated 
one or more times, and the following is a summary 
of the results obtained : 


Time of Heating at 850° C. after Straining 


Temperature 
Reheated for further Reheated for further 
10 hr. 


of vanes. 


2 hr. 20 hr. 
1050/1100 No en- No enlarged 

larged grains 
grains 

900 Enlarged Enlarged grains Enlarged grains 
grains spreading still spreading 
forming (Fig. 19) (Fig. 20) 
(Fig. 18) 

750 Enlarged Enlarged grains Enlarged grains 
grains spreading still spreading 
forming (Figs. 2lband (Figs. 21d and 


(Fig. 2la) 21c) 22) 

These results establish beyond doubt that plastic 
deformation at a red heat can cause a condition of 
critical strain capable of leading to critical grain 
growth on recrystallization at a temperature below 
the a-y change. 


THE REMOVAL OF COARSE-GRAIN GROWTH 
FROM CRITICALLY STRAINED MATERIAL 
An extremely large grain size can sometimes be 

produced in hot-rolled and straightened rods of 

silicon—chromium steel by annealing at 850°C. In 
any particular batch of rods only a small percentage 
develops crystals of this exceptional size.* Typical 
fractures are illustrated in Fig. 23, and the grain size, 
after etching a polished section in solution A, in 

Fig. 24. The appearance of the fractures of such rods, 

and the results of the experiments described in the 

previous section, leave little doubt that this phenome- 
non is due to recrystallization and grain growth on 





* Private communication from Mr. W. Gullick. 











Table V 
APPEARANCE OF FRACTURE IN }j-IN. DIA. COARSELY CRYSTALLINE ROD (FIG. 23) 
Reheated, quenched and tempered; soaked for 10 min., and oil-quenched 
Fracture 
eee. Microstructure 
As-hardened Tempered for 1 hr. at 850°C. 

1055 Very finely crystalline Very finely crystalline 

1030 a - és Porcelain-like 

1000 Martensite, carbides, and Porcelain-like, with remnants | Porcelain-like, with remnants 


traces of ferrite 


980 Ferrite, martensite, and car- 
bides 

960 Ferrite, martensite, and car- 
bides 











of previous large crystals 
Large crystals, dull 


Large glistening crystals 


of previous large crystals 
Large crystals, bright 











JOURNAL OF THE IRON AND STEEL INSTITUTE 


FEBRUARY, 1949 














Lt ua oe OD 


Yee eS oT eS Se 


~~ 








SCHUBERT : HISTORICAL NOTE NO. 10 85 


heating following critical straining. This material 
was used for experiments to establish the effect of 
reheating, quenching, and tempering on such coarse 
fractures ; the results are summarized in Table V. 
A heat-treatment which will render the steel free from 
ferrite, that is, take it completely into the austenitic 
range, removes the effect of grain growth caused by 
annealing after critical straining. 


CONCLUSIONS 


An investigation has been made to establish the 
reason for an exceptionally coarse crystal grain size 
occasionally found in _ internal-combustion-engine 
exhaust valves made of silicon-chromium valve steel. 
It was found that ferrite was liable to remain un- 
dissolved, on heating for hardening during heat treat- 
ment, unless the temperature attained exceeded 
1000° C. The practical effect of this is that, if an 
undesirable structure is present in the forging, it may 
remain to some extent unless this temperature is 
exceeded. The acceptance-test requirements of the 
three relevant British specifications are not very 
discriminating ; further, at the time this work was 
done, they either allowed, or specifically stipulated, 
the use of 950° C. for the hardening operation, and 
it followed, therefore, that there existed a real danger 
of unsatisfactory articles being produced. 

The high tempering temperature generally used 
causes the martensite of the quenched steel to change 
into a structure consisting of ferrite and fine spheroidal 
carbide, differing only in degree from sorbite, the 
normal product of tempered martensite, but with 
much larger carbide particles. This structure can 
obliterate big differences in the structure of the 
quenched steel from which it is derived. If the 
mechanical working has been completed at a tempera- 
ture of about 1000° C. or more, and has left the steel 
with a relatively fine crystal grain size, it is not of 
great importance whether the steel is quenched within 
the temperature interval, where both «- and +-iron 
exist together, or after it has become completely 
austenitic. The resulting structure (given the usual 


high tempering temperature) will consist of ferrite of 
reasonably fine grain size and fine spheroidal carbide. 

It has been shown that silicon—-chromium valve 
steel is susceptible to cold work while still at a bright- 
red heat, and that with parts of the size under dis- 
cussion a condition of critical strain may remain 
after cooling to room temperature. In the main this 
is the direct result of its relatively high critical range. 
The recrystallization of critically strained material 
takes place during reheating, and a structure consisting 
of enlarged grains will remain if the reheating tempera- 
ture is below that required for the completion of the 
#% — y transformation. 

The three principal methods of making valves are 
by forging, electrically upsetting, and extruding, and 
it appears likely that under normal conditions of 
working the chances of critical strain occurring increase 
in that order. The presence of critically strained 
material is not of importance, provided a suitable 
reheating temperature is applied afterwards. Apart 
from specification requirements, there may be certain 
practical considerations which can be more readily 
met by the use of a low quenching temperature, but 
such a practice can be followed with safety only when 
the mechanical working conditions are correctly 
controlled. 

Modern production methods tend to cut down the 
machining allowances to the bare minimum. The 
use of decarburized rod for making valve forgings 
which have such small allowances may result in the 
presence of a thin surface layer of coarse-grained steel. 
but this has no direct connection with the phenomenon 
considered here. It may be noted in conclusion that 
a similar result can be produced by reeling followed 
by reheating, and that in this instance the enlarged 
crystals are the result of the factors connected with 
cold work and recrystallization which have been 
briefly discussed in this paper. 
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Historicat Note No. 10 


The Superiority of English Cast-Iron Cannon at the Close 


of the Sixteenth Century 
By Dr. H. R. Schubert 


“ CIHIPBUILDING and the founding of iron cannon 

were the sole (arts) in which the English excelled. 

They seem, indeed, to have possessed alone the 
secret of the latter, and great complaints were made 
every parliament against the exportation of English 
ordnance.”! These words of David Hume, the famous 
historian and philosopher of the eighteenth century, 
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are based on the fact that cast-iron guns of English 
manufacture were in great demand on the Continent 
during the reigns of Elizabeth (1558-1603) and James | 
(1603-1625). 

The principal purchasers of English guns were the 
Dutch, in order to complete their armament during 

1 See Rhys Jenkins, Transactions of the Newcomen 
Society, 1922, vol. 1, p. 22, quoting D. Hume, “ The 


History of England,’ Appendix to James I, new edition, 
London, 1818. 
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A cast-iron gun of the reign of Queen Elizabeth 
(1558-1603), preserved in the Museum of 
Artillery in the Rotunda, Woolwich, Class III, 
No. 5. There is a crown and the Tudor Rose 
on the second reinforcement. Length of gun, 
9ft 6in: calibre, 7in: weight, 59 cwt 11:1 Ib 





the war of liberation from the Spanish yoke in the 
course of the sixteenth century.2 Such purchases 
continued in the seventeenth century, when the Dutch 
Navy continually increased in size and importance, 
so that Holland became the principal maritime power. 
This era was the most glorious period in Dutch 
history, when the country attained a supreme standard 
of civilization—the age of Rembrandt and Spinoza. 
No effort was spared by the Dutch to procure cast- 
iron guns manufactured in England: for example, in 
the years 1615 to 1618 they were purchasing half the 
produce of John Browne’s gunfoundry at Brenchley 
in Kent. He employed two hundred men (a very 
considerable number in this early period), to use his 
own words, “the Dutch havinge bargained with him 
to take of all that the English doe not buy ’’; the 
number of guns ready for transportation from the 
works to Holland amounted to six hundred during 
those years.* Frequently, Dutch merchants such as 
Ludolph Engelstedt and Giles de Vischer, in 1594 to 
1596,‘ acting as special agents for their Government, 
stayed in England to buy cast-iron cannon and to 
procure export licences from the English Government. 
The great demand by the Dutch, however, is not 
an argument completely convincing of the superiority 
of English cannon. During the same period the Dutch 
were also buying cast-iron guns manufactured in 
Germany, ¢.g., from a gunfoundry at Asslar in the 
Principality of Solms, near Wetzlar, in 1604.5 In 
1612, two of the six blast-furnaces at Barsberg in 
Eastern Westphalia, were in possession of the Dutch.® 
Of more conclusive evidence than the demand from 
the Continental market, is the term “‘ after the fashion 
of the English” applied to casting iron guns in 
— of The Tron and Steel Institute, 1942, No. II, 
. 139P. 
Ps Public Record Office, State Papers Domestic, 
James I, vol. 105, No. 42. 
¢ Public Record Office, State Papers Domestic, Eliza- 
beth, vol. 240, No. 134, vol. 249, No. 5, vol. 256, No. 38; 
J. R. Dasent, Acts of the Privy Council of England, New 
Series, vol. 25, pp. 271 and 301. 
5 Vom Ursprung und Werden der Buderus’ schen 
Hisenwerke Wetzlar, vol. I, pp. 97-98, Miinchen, 1938. 
¢ State Archives at Munster, in Westphalia, MS, VII 
5417, fol. 478. 
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Sweden, in about 1600.7. This term clearly signifies 
that English gunfounding constituted a paramount 
model for contemporary Swedish gunfounders. 

More convincing than anything referred to, is the 
fact that the Spaniards, the arch-enemies of England 
in the later part of the sixteenth century, acknowl- 
edged the superiority of English cannon and tried 
very hard to procure them. This fact is clearly 
demonstrated by a letter written in 1593 by one 
Richard Tomson, telling that he has informed Sir 
Francis Walsingham, England’s Secretary of State, 
that in January 1587 (w hich is 1588 in our chronology) 
when the writer was in Flanders, two Spaniards 
attempted to induce him “ to undertake the delyverie 
of a great quantitie of yron ordinance, either in 
Hamborghe, Rotterdam in Holland, or Callis (7.e., 
Calais), profferinge to deposit in any of these places 
twentie thousand crownes, to receave the valiewe in 
cast ordinaunce.’’*® So urgent was this demand, that 
the Spaniards offered him a pension of forty ducats 
for life, which was a very considerable sum at that 
time. This happened about six months before the 
Spanish Armada sailed to the English coast to pave 
the way for an invasion of England. The writer 
finishes his letter with a sentence characteristic of 
his compatriots in a time when the country was in 
danger : 

“Noe trewe hearted Inglishman will preferre 
fylthie lucre, before the publick benefitt of his 
natyve contrye.” 

70. Johannsen, Die Anfainge des Geschiitzgusses in 
England, Stahl und Hisen, 1944, vol. 64, p. 785, quoting 
Th. Jakobson, Lantmilitar Bevapning och Beklidnad 
undre aldre Vasatiden och Gustav II Adolfs tid, p. 43, 
note 3, Stockholm, 1938.—Johannsen expresses some 
doubts in respect of the adequacy of this term because 
of the brevity of the time in which English gunfounding 
developed, and the influence of French founders in the 
time of parson William Levet (casting guns at Buxted, 
in Sussex, in 1544); but Ralph Hogge, the chief gun- 
founder with Levet and his successor, undoubtedly was 
an Englishman, and there were numerous other English 
founders during the period of almost sixty years following 
(1544 to 1600). The French were completely amalga- 
mated to the English population in this period, as can 
be deduced from the various Church Registers of the 
parishes in the Weald of Kent and Sussex. Such amal- 
gamation never took place with the few German iron- 
workers (none of them gunfounders) who came over in 
this period and mostly left the country after a few years. 

8 Public Record Office, State Papers Domestic, Eliza- 
beth, vol. 244, No. 116. 
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The Specifie Heat and Resistivity of High-Purity 
Iron up to 1250°C. 


By P. R. Pallister, Ph.D. 


SYNOPSIS 


In order to obtain the true specific heat of high-purity iron in a state of thermal equilibrium, a method 
is adopted in which the observed temperature increments are small, and the intervals between observations 
are occupied by slow heating or cooling of the annealed specimen. For this purpose the sample rod is mounted 
in an evacuated electric furnace and maintained at any desired temperature up to 1250°C. Then a momentary 
electric current is passed, heating the rod through | or 2°C. Radiation losses to the furnace tube are sub- 
stantially reduced by the employment of a suitable concentric shield, electrically in series with the rod, so 
that the passage of the current heats them both coincidentally in magnitude and time. Electrical resistivity 
measurements, which are required for the evaluation of the energy delivered to the rod, are interspersed 
among the observations over the whole range of temperature. 


Introduction 


UMEROUS determinations of the specific heat of 
iron have been made, affording valuable data 
particularly where purity and thermal treatment 
have been recorded. The incidence of transformations, 
with the possibility of thermal hysteresis, make the 
measured specific heat of iron liable to variation, 
according to the content of impurities. It is therefore 
desirable to establish at least the basic specific heat/ 
temperature curve for iron in a state of highest purity 
and thermal equilibrium. The annealed specimen 
must not be subjected to violent thermal treatment 
in the process of measurement. This veto rules out 
the popular calorimetric ‘drop’ method, and also 
wire methods in which momentary electrical heating 
over a large temperature range occurs. 

Awbery and Griffiths,! Moser,? and Sykes and 
Evans,’ using different methods, were able to get 
continuous heating curves from which values of 
specific heat were derived. Awbery and Griffiths 
attained temperatures as high as 9€0° C., which was 
the limit imposed by the incidence of thermionic 
emission. 

A method has now been devised and proved 
successful for temperatures up to 1250°C. The 
sample rod, first heated to some steady temperature 
in & vacuum furnace, is abruptly raised to a slightly 
higher temperature by a heavy electric current of 
short duration. Resistance measurements on the 
specimen, required for calculation of the energy sup- 
plied, are carried out at frequent intervals throughout 
the investigation. 

The work has been done on iron of purity similar 
to that of the sample used by Awbery and Griffiths. 
Analysis of several batches of this iron points to 
impurities of less than 0-01%, as described by 
Adcock‘ of the National Physical Laboratory. The 
density was 7-878 +- 0-005 g./cu. cm. 





Manuscript received 10th September, 1948. 
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EXPERIMENTAL ARRANGEMENT 


For the experimental details reference may be 
made to an account, by the author,® of specific-heat 
measurements on a series of 22 steels, but one notable 
modification in the disposition of the specimen rod 
in the furnace has now been introduced, as depicted 
in Figs. 1 and 2. The specimen, 30 cm. long, ground 
to about 1 cm. dia. and polished, is screwed with a 
well-fitting thread, at its upper end, to a mild steel 
rod of the same diameter, and connected by an 
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Fig. 2—Connections to the specimen 


equally rigid joint, at its lower end, to a concentric 
mild-steel tube. These connections serve as current 
leads to the rod and the whole assembly is suspended 
by them from the lid of the furnace. Alumina discs 
are fitted as radiation baffles, thereby promoting 
uniformity of temperature and helping to maintain 
reasonable concentricity of the system. The steel tube 
which surrounds the central rod has a calibre approxi- 
mately the same as the solid cross-section of the rod, 
so that the passage of an electric current heats both 
the specimen and its concentric tube similarly. The 
advantage secured in high-temperature measurements, 
where radiation losses tend to be serious, is obviously 
considerable. Figure 3 shows the rise of temperature 
near the end of a 2-sec. heating period followed by a 
cooling curve, calculated on the assumption of a 
nominal heating of the specimen of 1°C./sec. at 
1250° C. Under these conditions the cooling of the 
rod would be given by : 
— §T, = ndoKk4T (7. T', )dt/ms 

where o is Stefan’s constant, 7’) is 1250 + 273° K., 
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Fig. 3—Advantage of shielding the iron test rod 


at 1250°C. 
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ms is the thermal capacity of the rod per unit length, 
and £ is the appropriate emissivity factor. A com- 
parable expression holds for the cooling of the shield. 
The mutual reactions of radiation from rod and shield 
are deduced by successive approximations. At the 
end of the heating period the temperature rise is 
actually deficient from the nominal value by only 
0-003° C., and two seconds later by 0-02°C. Com- 
parison with the curve for the unshielded rod under 
similar conditions reveals the advantage of the device 
employed. Moreover, unlike the familiar cooling curve 
of the unshielded rod, which declines most rapidly at 
the beginning, the cooling curve for the shielded rod 
proceeds almost horizontally in the initial stage, so 
that correction for the temperature rise is simple when 
observations are made soon after the cessation of 
heating. With decreasing temperature the radiation 
correction becomes of less significance ; for example, 
the heat loss at 500° C. is only one-eighth of that at 
1250° C. 

The measurement of the quantities entering into 
the specific heat determination is now briefly reviewed, 
the equation being : 

C*Rt = meso. 

The current, C, of some 200 amps, supplied by a 

battery of accumulators, and at first diverted through 
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Fig. 4—Apparent resistivity of high-purity iron. The 
numerous experimental points have been omitted, 
being too close to the curve for clear reproduction. 


another circuit of similar resistance, is indicated by 
a freshly standardized deflection instrument. The 
resistance, R, of that portion of the rod bounded by 
potential leads, is determined by comparison with a 
standard low resistance in series, by measuring the 
potential difference across each with a potentiometer 
when a small current passes. The duration, ¢t, of the 
current is indicated by a chronoscope, which runs 
synchronously with a tuning fork and is reliable to 
within 0-005 sec. The mass, m, of the rod between 
the potential leads is calculated from the dimensions 
and the total mass of the rod. The temperature rise, 6, 
is measured by the out-of-balance thermal electro- 
motive force, which is developed by the thermocouple 
welded to the test portion of the rod, after the steady 
initial thermal electromotive force is balanced out. 
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A short-period galvanometer is used for this purpose. 
Automatic recording of temperature using a D.C. 
amplifier was resorted to for a few measurements, but 
without material advantage on account of the time 
lag in the amplifier galvanometer. 

A number of measurements of C*t/@ were made at 
&@ mean temperature of about 20° C., varying ¢ from 
a fraction of a second to 10 sec., in order to assess 
possible errors arising from slip or inertia in the 
chronoscope. The absence of systematic discrepancies 
disposed, simultaneously, of uncertainties in the 
timing, and of errors due to transient currents at the 
start and close of the heating period. Inductance and 
capacitance of the system are small. 

A preliminary survey of the temperature down the 
rod by means of thermocouples, which were welded 
on at certain positions, enabled the most uniform 
section to be selected for test purposes. The maximum 
variation of temperature over the selected part, 7 cm. 
long, was 1° C. 

In order to extend the measurements down to 0° C., 
the rod and its attachments were lowered into a 
metal vessel, jacketed with water and ice as required. 
For this low-temperature range evacuation of the 
system was unnecessary. 

Thermocouples of chromel-alumel and platinum— 
rhodium platinum, freshly calibrated at the N.P.L. 
in terms of the International Temperature Scale, were 
used. Deterioration of the thermocouples, revealed 
by unreproducible observations, necessitated the 
welding of fresh junctions and carrying out a new 
series of overlapping measurements. Each series of 
measurements was covered at an overall rate of 
about 1°C./min., except around the alpha/gamma 
transformation point. An earlier investigation had 
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Fig. 5—Srpecific heat of high-purity iron. The 
numerous experimental points have been omitted, 
being too close to the curve for clear reproduction. 


allayed fears of the possibility of the thermocouples 
disturbing the temperature of the specimen by 
conduction. 

Under the conditions described the resistance 
measurements are considered to be accurate to 1%, 
and the specific-heat measurements accurate to 2%. 
In addition, the associated errors in thermocouple 
calibration may lead to an uncertainty in temperature, 
increasing to 3°C. at 1250°C. with the platinum- 
rhodium platinum thermocouples and to 5° C. with 
chromel-alumel thermocouples. 

Throughout this work the iron specimen suffered 
@ net increase in length of about 4%, and a corre. 
sponding reduction in diameter after each heating 
and cooling cycle through the A, point. The rod 
remained clean and bright but gradually assumed a 
mottled appearance, obviously connected with the 
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Table I 
APPARENT RESISTIVITY OF IRON, 
MICROHM/CM, 
Ribbeck, q Jaeger, lister, 
Tempera- & - Ae ss aol s Peas 4 
ture, °C. | Electrolytic} 99 98° | Electrolytic} 99 99% 
Iron Iron iroa Iron 
0 (8-9) (8-8) sa 8-86 
20 ove 9-88 oe 9-81 
50 eee 11-5 10-8 11-54 
100 14-6 14-5 13°5 14-53 
150 oa 17-8 17-2 17°85 
200 22-2 (21-5) 21-3 21-55 
250 ig es 25-6 25°65 
300 31-0 ans 30-2 30-2 
350 ry i 35°3 35°3 
400 40-9 eee 41-0 40-95 
450 _ + 47:1 47-0 
500 53-6 eee 53-7 53°7 
550 sos Sais 60-8 60-9 
600 68-1 aa 68-6 68-7 
650 see “ns 76°8 76°85 
700 85-5 eas 86-6 85-9 
750 96-0 oie 96:1 96-0 
760 ses one 97°4 98-5 
800 105-6 sie 101-1 104-9 
850 ose ~~ 104-0 108-7 
900 113-6 ons 106-0 111-6 
950 115-3 eee 107-0 113-9 
1000 116-6 eee 115-8 
1050 soe “ ‘ 117-5 
1100 — eee 119-0 
1150 aes “J ; 120-4 
1200 eee aca cee 121-8 
1250 be ode ; 123-1 























growth of large crystals. Eventually palpable undu- 
lations developed on the surface. 


RESULTS 

Experimental values of electrical resistivity and 
specific heat are shown by the curves in Figs. 4 and 5, 
respectively, the actual points being omitted for the 
sake of clarity. Since the iron rod is subjected to 
dimensional changes the resistivity is designated 
‘apparent’ and relates to dimensions measured at 
20°C. The general continuity of the observation 
points, collected from many series of experiments, 
demonstrates their reproducibility and indicates a 
state of equilibrium in the sample of iron. Figure 5, 
however, omits observations in the neighbourhood of 
the A, point pending further detailed measurement. 
Whereas observations could be reproduced, over the 
bulk of the temperature range, at slower average 
heating rates than 1° C./min., the apparent specific 
heat between 909 and 920° C. varied with rates even 
down to 0-1° C./min. 
Comparison of Resistivity Results 

The fundamental temperature coefficient of resis- 
tance is 0-0064, consistent with a high-purity iron, 
The gradient of the resistivity/temperature curve 
increases up to 760° C., the Curie point (A, point), and 
decreases thereafter. Cleaves and Thompson,® review- 
ing the literature up to 1934, quote an average value 
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Table II 
SPECIFIC HEAT OF IRON, CAL./G.° C. 

Lapp, Awbe Most 

ewes: 1988. | Sykes, | “and” |Pallister| probable] 
a Austin, | Heraeus Electro- Griffiths,| 1948. | values 
rc. | «(1932 | Electro- | “rare 1940. | 99-99%] for 
, lytic on | 99:99% | Iron ure 
Iron Iron ron 
O | 0-104 | (0-106) 0-104 | 0-104 
20 | 0-107 | 0-110 nae 0-105 | 0-106 
50 | 0-110 | 0-115 vs 0-109 | 0-108 | 0-109 
100 | 0-114 | 0-122 | 0-115 | 0-114 | 0-1135] 0-114 
200 | 0-128 | 0-136 | 0-126 | 0-124 | 0-124 | 0-125 
300 | 0-140 | 0-150 | 0-135 | 0-132 | 0-132 | 0-133 
400 | 0-151 | 0-161 | 0-144 | 0-143 | 0-144 | 0-144 
500 | 0-163 | 0-176 ~ 0-160 | 0-158 | 0-159 
600 | 0-188 | 0-194 0-180 | 0-180 | 0-180 
650 | 0-208 | 0-204 0-192 | 0-195 | 0-195 
700 | 0-230 | 0-222 | Jaeger,| 0°209 | 0-217 | 0-220 
750 | 0-276 | 0-274 |_ 1938. | 0-265 | 0-270 | 0-270 
760 | 0-320 | 0-231 — 0-249 | 0-318 | 0-320 
800 | 0-210 | 0-203 | tytic | 0-189 | 0-199 | 0-200 
850 | 0-194 | 0-172 | Iron 0-174 | 0-174 | 0-175 
900 | 0-186 | 0-160 is se 0-157 | 0-155 
950 | 0-161 | 0-142 |(0-140)| 0-137 | 0-132 | 0-135 
1000 | 0-162 7 0-144 se 0-136 | 0-140 
1050 | 0-162 0-148 0-140 | 0-140 
1100 | 0-163 0-151 0-145 | 0-145 
1150 | 0-164 0-156 0-149 | 0-150 
1200 | 0-165 0-162 0-153 | 0-155 
1250 | 0-166 0-169 0-156 | 0-160 
Joules/ 
°c 
0 The present values expressed in 0-435 
500 joules/g. °C. where 1 cal. = 0-661 
1000 4-186 joules 0-569 
1250 0-653 

of 759°C. for the A, point by electric resistance 


methods. Since then Jaeger’ has obtained a value of 
755° C. 

Table I compares resistivity data from several 
sources. The results of Ribbeck,® probably the best 
for high-purity iron up to 1934, coincide well with 
the present results up to 1000°C., except around 
200° C. where there is a 3% discrepancy. Adcock® 
confirms the present work up to 200°C. The data 
attributed to Jaeger have been deduced from his 
true resistivities by applying his own values for 
thermal expansion. Agreement is not good at, and 
below, 150° C., nor above the A, point. Unfortunately 
the purity of his iron is not stated. 


Comparison of Specific-Heat Results 


The curve in Fig. 5 shows the well-known increasing 
gradient which accompanies loss of ferromagnetism 
up to the A, point, again 760°C. The specific heat 
then drops away, at first rapidly, and then more 
slowly, to the A, point. Above 920° C. the trend is 
linear, as near as may be resolved with the precision 
of these measurements. For the A, point Cleaves and 
Thompson (1934) give an average value of 777° C. by 
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specific-heat measurement, but the more recent 
determinations are : Lapp,!° 758° C. ; Jaeger, 760° C. ; 
and Awbery and Griffiths, 755° C. 

In 1932 Austin™ examined critically the data then 
extant and selected as most probable those of Grif- 
fiths and Griffiths,!2 between 0 and 100° C., those of 
Klinkhardt,!* between 100° C. and the A, point, and 
for the higher and more difficult region a biased mean 
of data from Wiist,}4 Klinkhardt, Oberhoffe and 
Grosse,15 and Umino.1® Austin’s selections above 
900° C., given with other data in Table IT, are thought 
to be too high and vitiated by the inclusion of results 
which have been obtained by unsuitable methods. 
Up to the A, point Austin seems to be justified. 
Lapp’s results by a wire method, needing large 
radiation corrections, confirm the present work from 
700 to 1000° C., but deviate at lower temperatures ; 
that is, on the better-established portion of the curve. 
Agreement between the data of Sykes and Evans, 
Awbery and Griffiths, and the present work, is 
excellent. Further results by Jaeger have been added 
to the Table for temperatures above 900° C. where 
there is a dearth of reliable data. Again these values 
of specific heat may be erroneous due to the use of 
an unsuitable method. 
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DISCUSSION ON PAPERS 





DISCUSSION AT MEETINGS 


WRITTEN CONTRIBUTIONS 








The Protection of Steel against Atmospheric 
Corrosion and Marine Fouling 


A meeting to discuss the protection of steel against atmospheric corrosion and marine 
fouling was held at the Offices of The Iron and Steel Institute, 4 Grosvenor Gardens, London, 


S.W.1. on Thursday, 17th June, 1948. 


At the Mornine Session, from 10.30 a.m. to 12.30 p.m., the Chair was taken by Mr. T. M. 


HERBERT, Deputy Chairman of the Corrosion Committee and Chairman of the Protective 
Coatings Sub-Committee. The First Report of the Methods of Testing (Corrosion) Sub- 
Committee was presented by Dr. J. C. Hudson, Chairman of the Sub-Committee, and discussed, 
followed by a joint discussion on the papers : “‘ Service Trials of Painting Schemes Applied to 
a Steelworks Gantry,” by J. C. Hudson, and “ The Protection of Iron and Steel by Various 
Non-Metallic Coatings,” by J. C. Hudson and T. A. Banfield. 


At the AFTERNOON SESSION, from 2.15 P.m. to 4.15 p.m., the Chair was taken by Professor 
J. E. Harris, Chairman of the Marine Corrosion Sub-Committee. Dr. H. Barnes presented for 
discussion the papers: “ Studies on Anti-Fouling Compsitioons, Parts I to III,” by 
H. Barnes, and “‘ Service Tests of Experimental Anti-Fouling Compositions,” by H. Barnes, 
M. W. H. Bishop, and K. A. Pyefinch. The following two papers were then discussed 
jointly : “‘ Cementiferous Paints,” by J. E. O. Mayne and R. S. THornwiL1, and “ Marine 





Exposures of Cementiferous Painting Schemes,” by K. A. Pyefinch. 


Discussion on the— 


FIRST REPORT OF THE METHODS OF TESTING (CORROSION) SUB-COMMITTEE* 


Dr. J. C. Hudson, in presenting the First Report of 


the Methods of Testing (Corrosion) Sub-Committee, 
emphasized that it represented the work of a team. 
Through the willing collaboration of members in pooling 
the resources of their laboratories, it had been possible 
to cover a good deal of ground. He explained that the 
standard test developed by the Sub-Committee was, as 
yet, inapplicable to protective schemes embracing a 
metallic coating and that further work was being under- 
taken to remedy this deficiency. Considerable importance 
was attached to damaging the protective coating before 
test, so as to simulate practical conditions of use. Inci- 
dentally the experimental work had thrown considerable 
light on the marked effect of the film thickness of the 
protective scheme on its performance. At low film 
thicknesses the surface roughness of the steel was also 
a determining factor. He welcomed the section con- 
tributed by the Ministry of Works on the statistical 
aspects of the results, for it was clear that the intelligent 
application of any specification must rest on a sound 
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statistical basis, as regards both sampling and the 
interpretation of the test-results obtained. 

Dr. §. G. Clarke (Armament Research Department, 
Woolwich): I think that there should be cause for 
pleasure that the Methods of Testing Sub-Committee 
under the chairmanship of Dr. Hudson has got through 
so much work, as shown in the report and, in particular, 
has achieved something definite in arriving at a per- 
formance test for protective value and finding out how 
far it is legitimate to use it for industrial purposes. The 
test developed will distinguish between poor protection 
and good protection. It will pick out a really bad paint, 
it will show whether the paint has not covered the surface 
properly, and it will indicate whether the surface has 
been adequately prepared, so affecting the adhesion. To 
avoid misunderstanding, it should be stated that the 
test does not set out to distinguish between “‘ good ” 





* Journal of The Iron and Steel Institute, 1948, vol. 
158, Apr., pp. 463-493. 
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and “very good” protection. The test should be 
regarded as an adjunct to other tests and the taking of 
the usual precautions ; thus the coating thickness should 
be measured and the type of paint should be chosen 
with due regard to the purpose—in other words the 
normal specifications by which paints are selected should 
always be applied. 

There still remains much to be done to find out whether 
this method of performance testing will apply to multiple 
or composite protection systems. 

Mr. E. J. Bond (Messrs. Goodlass Wall and Lead 
Industries, Ltd., Kirkby, Liverpool) : Why was a primer 
to specification C.S. 2249 chosen? It is presumably 
without anti-corrosive pigment, and better protection 
would therefore have been obtained from a primer more 
suitable for exposure to corrosive conditions. Further, 
two stoving schedules, using low and high temperatures, 
are given in the specification, but the present report 
does not say which was used. 

I am surprised at the poor performance of this primer, 
even on untreated metal. A five-day performance in the 
A.R.D. salt-spray test is extremely short and indicates 
deficiencies either in the paint or in the method of 
application. 

Dr. T. P. Hoar (Cambridge University) : Accelerated 
corrosion tests, if they are to have value, must be 
designed and conducted with the utmost care and 
interpreted according to modern methods. I am glad 
that the present results have been analysed statistically. 
Only twelve years ago I used statistical methods in 
interpreting results in a paper with Havenhand, read 
before this Institute, and had much difficulty in con- 
vincing people that they had any application to metal- 
lurgy at all, although such methods had been used for 
some years previously by a few pioneers, notably 
Evans, in the corrosion field. Now statistical analysis 
has become as accepted in metallurgy as it has long been 
in biological studies. 

Mr. F. Fancutt (British Railways, Derby) : This report 
is a useful beginning, but the value of the results should 
not be over-emphasized ; the true value of an accelerated 
test lies in its correlation with service conditions, and 
that is not yet possible in the present case. The real 
interest will arise when different paint coatings applied 
by different methods to differently prepared surfaces, 
and of varying film thicknesses, are judged against field 
tests on specimens that have been prepared under 
ordinary production conditions. 

Any test-method must be of direct help to the user, 
who wants reliable indications quickly, so that he can 
assess the life of his paint on structures and fitments 
with greater reliability than before. 

I agree with Dr. Clarke that the test described will 
pick out bad paints, but what is wanted is a test that 
will discriminate, with some degree of certainty, between 
a good coating and a very good coating. One must still 
be guided by field tests and further experience, and 
particularly by a study of the inhibitive action of the 
various pigments entering into priming paints and of 
the desirable thickness of paint coating required to give 
adequate protection. 

The hope is expressed in the report that the test period 
may be reduced to five days. I fear that this may be 
carrying acceleration too far, so that desirable properties 
that might become more obvious under longer test may 
be overlooked. My own experience suggests that there 
is @ limit to the extent of acceleration that is desirable. 

Professor J. E. Harris (Bristol University): Will 
Dr. Hudson please explain the polar co-ordinate diagram 
(Fig. 4), the meaning of which is not very clear. 


Dr. F. A. Champion (British Aluminium Co., Ltd., 
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Gerrards Cross, Bucks): I should like to have more 
information on the protective coatings applied, particu- 
larly the purity of the aluminium and the method of 
applying it. I do not understand the term “ C.C.I. 
humidity cabinet ’’ and would appreciate a reference to 
a more detailed description of this cabinet. 

With regard to the different behaviours of degreasing 
agents, I wonder whether the explanation lies partly in 
attack by the solvent on the metal, especially as pure 
trichlorethylene gives a greater loss in weight than 
commercial trichlorethylene (to which additions are 
made to reduce attack on metals). 

Mr. F. A. Rivett (Schori Metallising Process, Ltd., 
London) : I hope that zine-sprayed coatings, which have 
been omitted from the present tests, will be included in 
any further tests that may be made. 

With reference to the author’s remarks on pp. 475 and 
476, does the statement that phosphating improves the 
adhesion of paint coats apply equally to a zine-sprayed 
coating as to an electroplated zinc coating ? 

Mr. C. Gordon Smith (Messrs. Alfred Holt and Co., 
Liverpool): Table XXIV seems to indicate that, in 
certain circumstances, if 30 specimens out of 76 pass the 
test the whole batch should be accepted. Is that the 
correct interpretation ? 

CORRESPONDENCE 

Mr. W. A. Edwards (Drynamels, Ltd., Birmingham) 
wrote : The method in which a scratched and indented 
panel is sprayed daily with salt water and stored in an 
atmosphere of high humidity, has been used in our 
laboratory for some two years, not only for comparing 
coatings applied to steel panels, but also for actual 
components. In addition, work has been carried out on 
aluminium panels and on zinc-alloy die-castings. Results 
are usually available after four weeks on steel and up 
to eight weeks on the other metals. 

Originally, the method was investigated jointly with 
the laboratory of an associated company. Duplicate 
panels were prepared in both laboratories, half being 
exchanged for spraying, and good agreement was 
obtained. Two primers were used, on bare and phos- 
phated steel, and normal weathering tests were carried 
out in addition. The results of these were of the same 
order as those of the salt spray test. 

Subsequently, a wide range of materials of known 
durability was subjected to the test, including varnish 
and oil paints, graphite paint, marine enamels, synthetic 
stoving materials based on both alkyd and urea-form- 
aldehyde, bituminous paints, silicone paints and red 
lead, and zine chromate and zinc-rich primers, and results 
were generally found to be in the order expected from 
a knowledge of the exterior performance of the materials. 
The main exception occurred in the case of paints having 
a high percentage of calcium resinate, which generally 
gave better performance under the test than on exposure. 
This has been noticed on many occasions with continuous 
salt spray. 

The method is now in frequent use in our laboratory 
and is regarded as a rapid and inexpensive method of 
determining the probable durability of a finish, while 
the results of long-term exposure are awaited. 

It is found that the droplets persist on the surface of 
a glossy paint for several days, so that it is often impos- 
sible to spray daily without obtaining coalescence of 
the droplets. Flat finishes, however, and panels on which 
corrosion is becoming pronounced, are completely wetted 
even by very small applications of spray and appear to 
dry more rapidly. The tendency, therefore, is for these 
to receive more spray in a given period than glossy films 
in good condition. Daily application of a fixed amount 
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Note — The segment radius for each protective scheme represents the difference between its rankings 


in the two orders of merit 


Fig. A-——Correlation of the results of the laboratory tests 


of spray would be satisfactory in such cases but would 
often be excessive where droplets exist. Consequently 
we have only sprayed where it appeared necessary, 
although it is felt that this is not a wholly satisfactory 
procedure. 

The manner in which corrosion spreads from the edges 
and damaged points of a steel panel when it is protected 
by alkyd resin stoving varnish is somewhat unusual. 
It takes the form of long filaments of rusted steel stretch- 
ing into otherwise sound varnish areas. 

AUTHOR’S REPLY 

Dr. Hudson, in reply : Dr. Clarke played a prominent 
part in the development of the A.R.D. salt-spray test 
and his comments on its field of usefulness are, therefore, 
particularly welcome. 

I agree with Mr. Bond that better performance would 
probably have been observed had we used a primer 
containing an inhibitive pigment rather than a stoving 
paint to specification C.S. 2249. We chose the latter 
because it was a standard material in industrial use and 
its formulation was reasonably well defined. It had the 
additional advantage that, as it had a cream finish, 
any deterioration of the protective scheme or rusting 
of the basis steel showed up well. ‘The specimens for 
the Sub-Committee tests were stoved at 310-—350° F. 
for 20 min., in accordance with the high temperature 
stoving schedule of the specification. 

As Dr. Hoar has said, we are now at one with regard 
to the use of statistical methods. When correctly applied, 
they have great value. We agree with Mr. Fancutt 
that we have by no means reached finality and that 
any recommendations that we have drawn up at this 
stage must be used with caution. The main object of 
the specified test is that the user shall have some reason- 
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aan able means of checking the per- 
~ formance of a protective scheme. 
ear It may be found that the very 
\ \\\ fact that these specifications and 
i: a tests are available forms an auto- 
aa matic safeguard, whether they 
A} are applied extensively or not. 
wth It is not surprising that Pro- 
fessor Harris finds Fig. 4* difficult 
to understand, as the key to this 
days diagram has inadvertently been 

omitted from the reproduction 
in the Journal. 

In reply to Dr. Champion, the 
aluminium coatings were sprayed 
on to the specimens of mild steel 
sheet by means of the wire pistol. 
I do not know the purity of the 
wire, but it is usually high for 
this class of work. Perhaps I 
should emphasize that for our 
purpose the relative performance 
ofthe different protectiveschemes 
is a secondary consideration, as 
the main object of the Sub- 
Committee’s work is to develop 
reliable methods of assessing 
the service performance of pro- 
tective schemes by means of 
laboratory tests. We are not 
7 really concerned with determin- 
mi ing whether one coating is better 
than another. 

This is mainly the reason for 
the omission of zinc-sprayed 
coatings to which Mr. Rivett 
alludes. He also asks whether 
the effect of phosphating in improving the performance 
of paint on hot-galvanized coatings also applies to 
zine-sprayed coatings. At the moment, we do not 
know, but the Joint Technical Panel J/P1—Paints 
for Structural Steelwork,t has recently commenced some 
tests which should elucidate the point. Pending these 
results, I should anticipate that the effect of phosphating 
would be less pronounced on sprayed zine than on hot- 
dipped or electro-deposited zine, because the natural 
roughness and porosity of the sprayed coating should 
afford a much better mechanical key to the paint. 

Mr. Gordon Smith’s interpretation of Sampling Scheme 
XII of Table XXIV is correct. It means that, if 76 
specimens are subjected to the test and 30 pass, the 
purchaser runs a 2-5% risk that the batch is defective ; 
in other words, on the average out of 40 batches fulfil- 
ling these test conditions 39 will be satisfactory and 1 
will not. 

The Sub-Committee are glad to learn from Mr. Edwards 
that the method of testing has already proved of value 
in his laboratory. The details that he gives regarding 
the performance of different types of paint coating will 
prove of assistance to them in their further studies of 
testing methods. His observations on the differences 
in the weight of spray required to wet different paint 
surfaces, according to their gloss and porosity, are in 
line with their own, to which allusion has been made in 
the Report (p. 489 of the Journal). 
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* Figure 4 is now reproduced with an explanatory key 
said printed as Fig. A to this discussion.— Editor 


+ A panel of the Protective Coatings Sub-Committee 
of the British Iron and Steel Research Association. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








94 DISCUSSION ON PROTECTION OF STEEL AGAINST 


Joint Discussion on the Papers— 


SERVICE TRIALS OF PAINTING SCHEMES APPLIED TO A STEELWORKS 
GANTRY*, by J. C. Hudson 


THE PROTECTION OF IRON AND STEEL BY VARIOUS NON-METALLIC COATINGS}, 
by J. C. Hudson and T. A. Banfield 


Dr. J. C. Hudson presented the paper on painting 
schemes applied to a steelworks gantry, and Dr. T, A. 
Banfield presented the paper on the protection of iron 
and steel by various non-metallic coatings, by himself 
and Dr. Hudson. 

Dr. J. E. 0. Mayne (Cambridge University) : Dr. Hud- 
son is to be congratulated on having obtained such 
excellent agreement between works practice and labora- 
tory experiments. He has shown that in certain circum- 
stances the surface condition of the metal is more 
important than the composition of the paint, and that 
the life of the paint coat applied to a pickled surface is 
greater than when it is applied to intact mill-scale which 
has been coated with linseed oil. This conclusion is not 
in accordance with the views of Fancutt, who has stated 
in Special Report No. 31{ that the durability of paint 
applied to the as-rolled surface, provided that the film 
of scale is practically intact and unbroken, is much the 
same as for the scale-free, rust-free surface. This dis- 
crepancy may be due to the different experimental 
technique adopted by Fancutt, or it may be that he was 
working with a different type of mill-scale. 

Experiments carried out in Cambridge tend to confirm 
Dr. Hudson’s observation. In these experiments, 
specimens 2} x 3 in were given one coat of paint, about 
# in at the top being left unpainted, and they were 
exposed on the roof of the laboratory. In the case of 
those specimens with intact mill-scale, breakdown of 
the paint film commenced at the edges, but particularly 
at the edge of the unpainted area. All the specimens 
which carried intact mill-scale failed before the pickled 
specimens. The question arises, therefore, whether 
it is good practice to paint intact mill-scale. In dis- 
cussing this question, two points should be borne in 
mind : firstly, the practical difficulty of obtaining intact 
mill-scale, and secondly, the danger of delay between 
repaintings. 

Turning to the second paper, the authors have produced 
@ very valuable paper, which brings to light a very 
interesting point. From Table II it can be seen that 
the rate of corrosion in unpainted mild steel is 24-3 
times greater in Sheffield than at Calshot or Llanwrtyd 
Wells, presumably owing to the high pollution of the 
Sheffield atmosphere. In the case of the coated speci- 
mens, the life of the coating to grade “ fair ’’ is in every 
case greater in Sheffield than elsewhere, the effect being 
particularly marked in the case of the hot-sprayed paint. 
In other words, corrosion under a paint coat is slower 
in Sheffield than elsewhere. 

This reversal of order cannot be due to atmospheric 
pollution, since this is greatest in Sheffield, nor can it 
be attributed to rainfall, temperature, or relative 
humidity. It does appear, therefore, that the breakdown 
of paint films exposed to the atmosphere for a long 
period of time is controlled by some factor which has 
so far escaped examination by the authors, and it 
would be very interesting to hear the views of others 
on this point. 


mor The Iron and Steel Institute, 1946, Special Report 
0 





JOURNAL OF THE IRON AND STEEL INSTITUTE 


It is possible that paint is affected by radiation of 
certain wavelengths, and in Sheffield the sunshine may 
be weak in certain portions of the spectrum which are 
absorbed or scattered by the pollution. It is suggested 
that measurements should be made to confirm this, 
since, if it is true, then attempts should be made to 
develop finishing paint coats which are impermeable to 
radiation of certain wavelengths. This may be the reason 
for the good results obtained with finishing coats pig- 
mented with aluminium and similar pigments. 

Mr. E. J. Heeley (I.C.I., Ltd., Dyestuffs Division, 
Manchester): My first point concerns the suggestion 
that vitreous enamel might be applied to mild steel by 
a hot-spray method to avoid the firing processes involved 
in ordinary vitreous enamelling. This does not seem to 
be a promising method of application ; sprayed coatings 
of metals are rarely continuous and are not generally 
successful against severely corrosive conditions, whatever 
their resistance may be to atmospheric corrosion. I 
should expect that a vitreous enamel coating, consisting 
of minute particles of a glass-like material applied by 
hot spraying, would provide numerous paths for a 
corrosive media to reach the basis metal which it was 
intended to protect. The main objection, however, to 
the application of enamel by hot spraying concerns the 
adhesion of the glass-like enamel particles to the metal. 
Despite some beliefs to the contrary, the bond between 
fired vitreous enamel and mild steel or cast iron is very 
good, and good enamel is very difficult to detach from 
the basis metal unless subjected to plastic deformation. 

Microscopical examination of sections of enamelled 
metal shows that the interaction between the metal 
and the ground coat of the enamel is a necessary feature 
of the enamelling process and is, I think, an important 
factor in the high degree of adhesion which obtains. 
Some evidence of this interaction is given in Fig. B, 
which shows the effect of placing a particle of mild steel 
in molten enamel at about 850°C. The metal has 
evidently dissolved in the enamel and at the same time 
a new (needle-like) micro-constituent has been produced 
in the latter. 

When an enamel coating is applied to cast iron or mild 
steel a similar interaction takes place between the enamel 
and metal. Thus, in Fig. C, which is a section of enamelled 
cast iron, the iron-oxide-rich micro-constituent which is 
visible near the enamel—metal interface indicates that 
the same interaction has taken place. If the interaction 
between metal and enamel is excessive, severe attack 
of the metal may take place with intercrystalline 
penetration accompanied by the formation of much 
more of the iron-oxide-rich constituent in the enamel 
(Fig. D). 

If, therefore, the interaction between metal and enamel 
is an important factor in producing a satisfactory bond— 
and observations of a large number of specimens of 
enamelled metal appear to indicate that this is correct— 





* Journal of The Iron and Steel Institute, 1948, vol. 


159, May, pp. 60-66. 
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Fig. B—Mild-steel fragments in acid- 
resisting vitreous enamel 
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Fig. C- Interface between acid-resisting vitreous 
enamel and cast iron x 500 








Fig. D—Effect of excessive activity of enamel. Note the intercrystalline 
penetration of the mild steel and the iron-oxide-rich micro-constituent in 
the enamel x 300 
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Fig. E—Vitreous enamel applied to steel containing 0-13°(, of carbon XK 75 





Fig. F—Vitreous enamel applied to steel containing 0-40°, of carbon < 75 





12. G—Enamel metal interface of enamelled 0-40°% carbon steel x 300 
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the bond between a sprayed enamel coating and the 
basis metal will be inferior as regards adhesion and 
eontinuity to that of a correctly fired vitreous enamel 
eoating. 

The authors mention that it was not possible to enamel 
satisfactorily the mild steel which was used for their 
testing programme, and it must be admitted that there 
is a more or less general belief that unless the carbon 
content of the metal is low, say, below 0-15%, good 
quality enamelling is not possible, despite the fact that 
enamelled cast iron is used satisfactorily for both 
chemical plant and domestic purposes. 

On the subject of the ‘“ enamellability ” of mild steel, 
we have carried out some research work with steels of 
different carbon content as the basis material. In 
addition to the successful enamelling of mild steel con- 
taining 0-13% of carbon, steels containing 0-27 and 
0:40% of carbon have been enamelled satisfactorily 
under similar conditions to those for the low-carbon 
steel. A comparison of Figs. E and F, which show 
respectively an acid-resistant frit applied to a non- 
segregated steel containing about 0-:13% of carbon and 
a similar enamel fired on a steel plate containing 0-40% 
of carbon, will indicate that the quality of the bond 
between enamel and metal is highly satisfactory in both 
eases, whilst Fig. G further illustrates the nature of the 
bond between enamel and the higher-carbon steel. 

It is not suggested that we should now commence to 
consider employing a 0-40% carbon steel for enamelling 
purposes, but the experimental evidence of the satis- 
factory application of vitreous enamel to this type of 
basis metal shows that there is, in fact, no real ground 
for the viewpoint that it is not possible to enamel 
satisfactorily mild-steel plate material. 

Mr. F. Fancutt (British Railways, Derby): I should 
hike to refer to the title of the first paper, from which 
one is entitled to assume that the procedure followed 
bears some resemblance to normal painting procedure 
on a@ large structure. It is quite true, as Dr. Mayne 
has pointed out, that I drew attention to the behaviour 
of certain paints on intact mill-scale, but I cannot recol- 
lect that I suggested that it was good policy or good 
practice to paint on top of mill-scale. The mill-scale 
that was left on my specimens was what was known as 
firmly adherent. Dr. Mayne raises the question of 
whether this firmly adherent mill-scale should be 
removed. I should like to put a question to him: If 
the mill-scale is firmly adherent, how does he propose 
to remove it at reasonable cost under production 
eonditions ? 

I suggest that the variation that occurs between my 
results on the one hand and the Cambridge results and 
those now reported by Dr. Hudson on the other, may 
be concerned with the size of the specimen. Dr. Mayne 
said that his specimens were 24 x 3 in, and Dr. Hudson’s 
specimens were about 4 x 3 in. I never work on speci- 
mens less than 18 x 12 in, because I like to feel that the 
paint coating bears some resemblance to that which 
would be obtained in normal practical requirements. 
I do not put that forward as an explanation, but I think 
it should be borne in mind. 

We know that we can get surprising results by painting 
on mill-scale. The point is, how are we to decide how 
long the mill-scale will remain intact, and, secondly, if 
it is firmly adherent, as much of it is, how can it be 
removed ? If weathering for six months does not lift 
mill-scale, I think that no production engineer could 
possibly consider the cost of removing mill-scale of that 
eharacter. 

Dr. U. R. Evans (Cambridge University) : Both the 
points which I wish to raise have been mentioned by 
Dr. Mayne, but from a slightly different angle. The fact 
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that paints seem to have withstood the Sheffield con- 
ditions better than those prevailing at Llanwrtyd Wells 
is attributed by him to the absence of actinic rays at 
Sheffield. There may be much truth in that explanation, 
and indeed it fits in with some early observations on 
certain tar-base paints, which seemed to behave better 
than oil paints in industrial regions but worse than the 
same oil paints in non-industrial regions. 

There is, however, another factor which might be 
considered. In some of the early tests organized from 
Cambridge, Mr. Britton used to spread strips of flanelette 
underneath the specimens, so that the rain ran off the 
specimens on to the flannelette; rust marks often 
appeared on the flannelette, since soluble ferrous salts 
formed by the action of the rain on the painted metal 
became oxidized and hydrolysed on the flannelette. This 
ferric hydroxide stain was visible on the fabric long 
before there was any visible damage to the paint by 
undermining. 

In order to get such an effect, sulphuric or other acid 
is needed, and these are likely to be present in the 
Sheffield atmosphere. The ferrous salts will turn to rust, 
not beneath the paint, but outside it, probably on the 
ground below. Such an action will not quickly damage 
the paint. At Llanwrtyd Wells, on the other hand, there 
will be little acid, but a certain amount of salt and, of 
course, plenty of oxygen ; the ferrous chloride and sodium 
hydroxide formed as anodic and cathodic products may 
very well interact with oxygen below the paint, humping 
it up and causing damage. Thus, notwithstanding the 
fact that the direct attack on the metal is, in the opening 
stages, much slower in Wales than in Sheffield, never- 
theless the destruction of the paint is more rapid, which 
may lead to more rapid corrosion of the metal in the 
later stages. 

That explanation is borne out to some extent by some 
observations made during laboratory tests at Cambridge 
on the effect of sea water on coated specimens. The 
effect was obtained on painted specimens, but the best 
and clearest examples were provided by metallized 
specimens—steel sprayed with a porous coating of, say, 
nickel. When such specimens were partly immersed in 
salt solution there was a tremendous amount of rusting, 
but, since the precipitation of the rust requires the 
presence of oxygen in excess, nearly all the rust was, 
under those conditions, formed outside the coat ; despite 
the vast amount of rusting, the coat was found almost 
undamaged when the rust was removed. 

With the same salt solution applied by intermittent 
spraying, there was, during the greater part of the time, 
@ great excess of oxygen, and rust was produced below 
the coat ; although the destruction of metal was much 
smaller, the damage to the coat was much greater than 
in the previous case, since the volume of the rust is 
always greater than the volume of metal destroyed in 
producing it, so that the coat is pushed away from the 
metal, suffering considerable damage. That may explain 
the difference between behaviour at Sheffield and at 
Llanwrtyd Wells ; probably the destruction of metal was 
at the outset greater in Sheffield, but the destruction of 
the coat was less. 

Now I come to the question of scale under coatings. 
Dr. Hudson referred earlier, and very rightly, to the 
importance, in tests, of having part of the specimen un- 
coated, either through damage to the coat, or through its 
absence at certain places. I rather wish that in the 
tests now under discussion areas had been left uncoated. 
In some of the tests organized at Cambridge, to which 
Dr. Mayne has referred, we gained much information 
from the observations upon the unpainted strip at the 
top. 

Such a procedure supplied, without any measurements, 
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a visual idea of the protection given by the paint. We 
have had specimens exposed in London for seven years, 
and, without any measuring, it has been possible to see 
the serious loss of thickness at the unpainted strip, 
whereas on the painted part the metal has been un- 
attacked, showing the protection afforded by the coat. 
In addition, the unpainted strip showed up the difference 
between the behaviour of inhibitive coats and those 
which did not contain inhibitive pigments. If the coating 
has no inhibitive pigment there is a tendency for the 
corrosion, which starts at the unpainted portion, to 
spread just below the paint, so that the rusty portion 
soon becomes very much larger than the original un- 
painted area ; with a good inhibitive paint that extension 
will be largely avoided. 

If the paint has been applied upon mill-scale, then, 
as Dr. Mayne has said, there is a means whereby, how- 
ever good the paint, the corroded area can extend. The 
attack starting on the uncoated area can creep sideways, 
under the scale, and, however excellent the inhibitive 
paint may be, the inhibitor cannot prevent the lateral 
extension of the corrosion, if it is separated by the scale 
from the place where the undermining is occurring. 

Lewis’s tests at Cambridge showed very clearly that 
mill-scale need not always be dangerous. Small islands 
of isolated scale seem to be quite harmless ; large areas 
of scale with small discontinuities in them are dangerous. 
I think that is because we get a large cathode and a 
small anode (the usual dangerous combination) and the 
intense corrosion set up at the breaks pushes away the 
paint, so that breakdown sets in. This may be one 
reason for some of the apparent discrepancies which 
have appeared to exist in the views expressed by different 
people, on the danger of mill-scale shut in below a 
paint coat. 

In the tests on the gantry it has been shown very 
clearly that paints applied to pickled surfaces have 
behaved very much better than those applied to surfaces 
carrying scale and coated with oil, which in turn behaved 
better than those weathered and cleaned by hand. I 
accept those results, but I feel that if the comparison 
was carried out over very much longer periods, with 
appropriate repaintings at suitable intervals, possibly 
the specimens where almost intact scale had been left 
below the paint would ultimately fare even worse than 
the hand-cleaned specimens. I think that sooner or later 
rusting would start at the inevitable small breaks in the 
scale, and a condition would be reached where the paint 
would start to rise. It would then be very difficult to 
know what to do ; probably the only thing would be to 
scrape the whole surface and start afresh. 

With regard to the discussions as to whether rust or 
seale is ‘‘ public enemy No. 1,” no doubt it is difficult 
to give a universal answer, because there are many 
different kinds of scale and many different kinds of rust ; 
but I would say that any protection scheme which 
deliberately leaves large areas of scale below the pro- 
tective coating is a dangerous one, unless an innocuous 
type of scale is very clearly specified. 

Dr. W. D. Jones (Schori Metallising Process, Ltd.. 
London) : I had intended also to make a short comment 
on vitreous enamelling. I was impressed by the good 
behaviour of the vitreous enamel coatings in comparison 
with other coatings, and I wonder whether industry has 
perhaps in the past underestimated their value. One of 
the limitations on the use of vitreous enamelling is, of 
course, the difficulty of applying it to very large areas. 

A few years ago I was associated with some experi- 
ments in which it was intended to apply vitreous enamel 
coatings by passing the powdered frit through a flame- 
spraying gun. A survey was made of most commercial 
frits, and a few of them behaved very well indeed. On 
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small specimens extremely good, smooth, non-porous 
coatings were obtained, which were surprisingly adherent. 
Unfortunately, however, it was soon found that whilst 
good coatings could be applied to small areas they could 
not be applied to large areas, owing to the differences in 
temperature caused on the steel base, and subsequent 
cracking. 

Following that, various manufacturers of frits were 
asked to co-operate to produce lower-melting-point 
enamels, and some enamels of quite low melting point 
were obtained which could be successfully sprayed on 
to very large areas. Unfortunately, however, those 
enamels were no good from the corrosion-resisting point 
of view. That is the position in which we are today. 

Dr. V. G. Jolly (Walpamur Co., Ltd., Darwen, Lancs) : 
I would like to report a very modest test conducted from 
the angle of the paint manufacturer, the results of which 
bear to some extent on the contributions of Dr. Mayne 
and Dr. Evans. When the test was framed, some ten 
years ago, our knowledge of how to conduct tests was 
perhaps not quite so good as it is now, thanks to the 
work of the British Iron and Steel Research Association. 
Dr. Hudson helped me in many ways, however, and 
provided me with some substantial plates of a known 
quality of steel (steel M*), so that I could apply the 
various coatings I had chosen in something approaching 
a practical manner. The results would have been more 
informative had the painted plates been purposely 
scratched to observe rust-creeping tendencies, but that 
can still be done. 

The places selected for these tests were Burnley, 
Lancashire, an industrial site where the rainfall had been 
reported to have a pH of 3-0, and Southampton Docks, 
@ marine atmosphere. 

I was interested in comparing the results obtained 
from painting steel which had been cleaned and descaled 
thoroughly by sand-blasting with those more likely to 
prevail in practice. The practical conditions comprised 
removing half of the mill-scale by weathering and then 
giving the plates a good wire-brushing. Measurement of 
the corrosive activity of the atmosphere at the two 
exposure sites by exposing and weighing metal plates 
showed that, according to whether iron or zinc was used, 
the corrosive activity of the industrial site was about 
2-3 times that of the marine site. 

Two conclusions stand out from the recent 
examination, when the plates were ten years old. The 
first is a very ample confirmation of the principle of 
thorough cleaning of the metal. Many of these paint 
systems, thirty in all, some of which include no acknowl- 
edged anti-corrosive primer whatever, are still in sub- 
stantially perfect condition after ten years’ exposure 
under those severe conditions, provided that they were 
applied on absolutely clean metal. At the Southampton 
site the wire-brushed specimens, as distinct from the 
sand-blasted specimens, are still in fair condition, with, 
of course, a range of performance from the very good 
paints to the not-so-good paints. The best painting 
systems include finishing paints containing flaky pig- 
ments. Secondly, on the Burnley site, the corrosion was 
very much more advanced on the wire-brushed speci- 
mens, and there, without being able to give the actual 
loss of weight of the metal, the general appearance of 
the plates falls into line fairly well with the original 
measurement of the corrosive activity of the atmosphere. 

Mr. A. Biddulph (Ferro-Enamels, Ltd., Wombourn) : 
I should like to add to what has been said on the vitreous 
enamels for steel. With regard to Dr. Jolly’s remarks on 
spray coating, it is the case that the enamels which would 
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* The Iron and Steel Institute, 1935, Special Report No. 
8, p. 64. 
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be suitable for spraying are lower-temperature enamels, 
which, as at present formulated, would not usually have 
very good anti-corrosive properties. Mr. Heeley’s illus- 
trations confirm work which we have done over a number 
of years. Certainly a dead mild steel is very desirable 
for enamel, but it does not follow that the higher-carbon 
steels cannot be enamelled successfully. In industry, 
where the enamel is required to give a decorative finish, 
the first essential is to have a good white, without 
blemishes. That can be most easily achieved com- 
mercially by having a very low-carbon steel. With 
protective coatings, however, where a pure white finish 
is not the first necessity, and where the articles are 
probably “ tailor made ”’ to suit the job, instead of being 
produced in tens of thousands, the amount of extra time 
which would be required to produce a protective finish 
on steels which are not very low-carbon is fully justified 
by the job which is being done, and I can confirm what 
Mr. Heeley has said, that steels with up to 0:°45% of 
carbon, and possibly higher than that, can be successfully 
enamelled to a degree of perfection which would make 
them satisfactory for an anti-corrosive finish. I would 
add that the preparation of the surface before enamelling 
is of far greater importance than the actual enamels 
used. 

For the past ten years one firm in this country has 
been enamelling rolled sections up to 6 in, and sheets 
up to ~ in, which, after enamelling, are cut into sections, 
drilled, bolted together, and erected on site. 

I received, recently, a 20-yd sample of 32-gauge steel, 
24 in wide, which has been enamelled in one piece and 
coiled up into a roll of 9-in dia, and sent by air mail from 
the United States. It still has a perfect finish and will 
stand up to 10%-citrie 2% -hydrochloric acid for a test 
lasting 1 hr. 

Ing. J. F. H. v. Eijnsbergen (N.V. Chemische Industrie 
‘* Synres,”’ Holland) : On page 108 of the paper by Hudson 
and Banfield, the authors say ‘ The paint film is dry 
as soon as it is sprayed, but requires a few days to 
become hard.” Is it not possible to change the composi- 
tion of the mixture, for instance, by substituting for the 
modified phenolic resin 111, a harder one, say, 209L, 
and by substituting the stand oil by an internally 
plasticized phenolic resin, or a linseed oil, co-polymerized 
with styrene; or, further, by using a wax having a 
higher melting point instead of Montan wax ? 

I have noted with considerable interest that in 
industrial areas the protection is very good, but that in 
more non-industrial atmospheres there are several signs 
of breakdown after five years. Have the authors been 
able to carry out experiments on that matter by changing 
the composition of these paints ? In Holland there is 
very great interest’ in these paints because they are 
solvent-free, and solvents, except water, are very ex- 
pensive at the moment, and may even cost up to 4s. per 
kilogram, hydrocarbons of the aromatic type also being 
rather costly. I should like if possible to hear something 
more about them. 

Mr. E. Bateson (Messrs. Rendel Palmer and Tritton, 
London) : I should like to make a few remarks from the 
point of view of a practical structural engineer. Previous 
speakers, and in fact all the people concerned with cor- 
rosion from time immemorial, have emphasized the 
importance of the adequate cleaning of steel. The first 
of the papers now under discussion deals specifically 
with three types of cleaning. Of these, I suggest that 
only one is really applicable to practical structural steel- 
work ; namely, weathering and wire-brushing. I am not 
advocating that method ; I think it is extremely bad, 
and cannot really be classified as cleaning of steel. 

We have no details of the steelworks gantry dealt 
with in the first paper, but I visualize that it consists of 
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plain rolled-steel-joist columns with the usual bases, 
and plain joists for the gantry girders themselves. In 
that case it is fairly easy to clean by pickling and treating 
with phosphoric acid ; but my chief concern is with the 
more complicated form of steelwork which is built up 
of a number of composite members, such as a series of 
angle bars connected by batten plates, lacing bars, and 
so on. In such cases I suggest that pickling after fabri- 
cation is rather a dangerous procedure because the acid 
will never be completely removed from the interstices, 
cracks, and various gaps in the steelwork, and the 
resultant corrosion will be very much worse than if the 
steel had not been treated at all. 

The practical alternative would appear to be to treat 
the steel in the material stage. in which case it would be 
fabricated after it had been cleaned. Obviously it would 
then have to be protected between the cleaning process 
and the actual fabrication process. For that purpose, 
paint would not appear to be entirely suitable, but | 
notice that part of the steelworks gantry was treated with 
oil whilst it was still hot, and I am wondering whether 
it would be possible—some tests may have been carried 
out on these lines—to clean steel sections in a thorough 
manner by sand-blasting, or by pickling and phosphating 
or by other approved methods, 7.e., treating it as material 
before fabrication, and then to protect the surface with 
oil during the fabrication process, and ultimately paint 
it after fabrication has been completed. That appeals 
to me as a practical method of combining the protection 
of steel with actual fabrication in a structural shop. 


CORRESPONDENCE 


Mr. R. A. Hyde (The United Steel Companies, Ltd., 
Rotherham) wrote: Dr. Hudson’s painting trials on a 
steelworks gantry give concrete evidence that surface 
preparation is the key to the life of paint on structural 
steel. The problem is to develop practical large-scale 
means of providing suitable surface preparation. Dr. 
Hudson’s conclusions make interesting suggestions for 
achieving this necessary preparation. 

Shot-blasting is probably to be preferred to pickling, 
as it is a dry process which lends itself more readily to 
mechanization. If steel were to be shot-blasted in bulk, 
a protective prime coat would be required to prevent 
rusting during transit, fabrication, and erection. A 
metal-spray coating of aluminium or zine would satisfy 
this requirement by keeping the steel in a bright condition 
sufficiently long, and any surplus of metal coating would 
contribute further to the overall life of the paint system. 

The electric welding of metal-coated steel is a problem 
which must be solved, since the welding of structures, 
both in the fabricating shop and in the field, is extending 
rapidly. It may be that the choice of sprayed coating 
should be decided by welding considerations. 

For riveted structures a coated steel would be advan- 
tageous during marking out, drilling, punching, and 
riveting, and on watertight work the absence of scale 
in lap joints would be an advantage. In cases where the 
additional expense is justified, welds, rivets, and “ raw 
edges *’ would require cleaning on site. 

The question inevitably arises—is prepared mild steel 
better than low-alloy corrosion-resistant steel ? Low- 
alloy steels would still require hand cleaning before 
painting. Further, low-alloy steel may not superficially 
have the same appeal, as in the as-rolled state it has the 
same appearance as mild steel, and unless it is painted it 
will still rust, although not so rapidly, and in a different 
manner. Quite apart from combating the annual wastage 
of steel due to corrosion during the present world shortage, 
the rising cost of paint and labour is making the users 
of steel structures look ahead to the total cost on a life 
basis, in which case an extra few pounds per ton on the 
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initial cost is soon justified by reduced maintenance cost. 

The extension of the “ brighter-workshops move- 
ment” has taken paint into industrial plant where 
previously rust was tolerated. Protected mild steel 
should go a long way towards offsetting the cost of 
keeping steel buildings painted. 


AUTHORS’ REPLY 


Dr. Hudson and Dr. T. A. Banfield in reply: We 
should like to thank all those who have contributed to 
the discussion for their comments. Discussions of this 
kind are very helpful in assessing past and in planning 
future work. 

Dr. Mayne and Dr. Evans have both suggested 
explanations as to why paint breakdown is more rapid 
in the rural atmosphere of Llanwrtyd Wells than in the 
industrial atmosphere of Sheffield, although the reverse 
holds for bare steel. As Dr. Mayne suggests, the actinic 
value of sunlight is greater in rural areas, and from 
published figures it appears, for instance, that in Kings- 
way, in Central London, the ultra-violet value of sunlight 
is only about half that in the semi-rural atmosphere of 
Hampstead. It seems probable that the more rapid 
paint breakdown in rural atmospheres is due both to 
the higher actinic value of the sunlight and to the 
different composition of the rain water, causing rust to 
form beneath the paint film. It may be noted that the 
effect has been observed in other paint trials conducted 
on behalf of the Protective Coatings Sub-Committee, 
in which paint breakdown has been more rapid at 
Brixham than at Derby.* Dr. Jolly’s paint tests at 
Burnley and Southampton show the opposite effect, but 
the Burnley atmosphere is so strongly acid that his 
results are perhaps the exception to a more general rule. 

Dr. Jolly’s paint tests also confirm the vaue of thorough 
descaling of the metal before painting, and this principle 
is now generally accepted. The question of ‘painting 
intact mill scale was referred to by Dr. Mayne, Dr. 
Evans, and Mr. Fancutt. Attempts to obtain an intact 
mill-scale in practice can, at best, only give a nearly 
intact scale, and this, as Lewis showed in the tests 
referred to by Dr. Evans, is the most dangerous scale 
to leave under a paint film. Dr. Evans also suggested 
that over a much longer period the steel, where almost 
intact scale had been left below the paint, would fare 
even worse than the weathered and wirebrushed speci- 
mens. This is an interesting point and it might be worth 





* Interim report of the First Series of Tests on Form- 
ulated Priming Paints for Structural Steelwork (RJ28) 
by Joint Technical Panel J/P1—Paints for Structural 
Steelwork. B.1.S.R.A., December, 1946. 
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inspecting the gantry again after a further ten years 
service. The practical conclusion is that complete 
descaling by pickling or shot-blasting is preferable to 
painting over intact mill-scale. 

Mr. Heeley, Dr. Jones, and Mr. Biddulph have all 
referred to vitreous enamel coatings. ‘The failure to 
coat the 3 in. thick 0-2% carbon mild steel specimens 
would appear to be due to the standard process, as used 
for thin low-carbon sheets, not being suitable. There 
was only a limited number of specimens available 
and it was therefore decided to substitute ingot iron 
specimens, which were enamelled successfully. As regards 
spraying vitreous enamel, Mr. Heeley’s micrographs 
indicate that interaction between the metal and enamel is 
necessary for adhesion, and on this basis it would appear 
that good results cannot be expected from spraying. 
Dr. Jones, however, mentioned that low-melting point 
enamels can be successfully sprayed. If the corrosion 
resistance of this type of enamel can be improved, this 
process would undoubtedly prove of great value. 

Mr. v. Eijnsbergen asked about modifications to the 
composition of the hot spray paint, and we can only 
say that the coatings tested were applied by the inventor 
of the process and that we have not made any further 
tests. 

Mr. Bateson and Mr. Hyde referred to the practical 
problems involved in the surface preparation of structural 
steelwork. It is interesting to note that Mr. Hyde prefers 
shot-blasting to pickling and suggests an immediate 
metal coating rather than paint. Both stages of this 
process are dry, and it would be expected that the coating 
would survive subsequent fabrication without serious 
damage. If welding difficulties can be solved, it would 
appear that this procedure would give the best possible 
results, and could be followed by painting after erection. 
The alternative of pickling and painting is already 
used in U.S. Navy yards. Steel plates are pickled 
immediately on receipt at the yard and given one coat of 
paint. This is a chromate primer in a synthetic medium ; 
it is applied thinly, dries quickly, and is said not to 
interfere with subsequent welding. From a protection 
standpoint it would probably be better to postpone 
pickling and painting until immediately before the final 
assembly, but from a production standpoint it is probably 
more satisfactory to treat all the steelwork on receipt. 

Mr Hyde also asked about the use of low-alloy steels 
as compared with mild steel. Low-alloy steels should, in 
general, receive the same protective treatment as mild 
steel—economies from their use would be expected in 
a permissible reduction in section, and in reduced repaint - 
ing costs, because paint breakdown is generally slower 
on low-alloy than on mild steel. 


STUDIES ON ANTI-FOULING COMPOSITIONS* (Parts I to III), by H. Barnes 


SERVICE TESTS OF EXPERIMENTAL ANTI-FOULING COMPOSITIONS,+ 
by H. Barnes, M. W. H. Bishop, and K. A. Pyefinch 


The Chairman (Professor J. E. Harris): Dr. Barnes, 
from the time that he started this work at Millport, has, 
in effect, removed the leaching-rate test from the 
laboratory and taken it straight into the sea, where it 
becomes an immediately available tool for discovering 
the conditions which arise in paint films on ships in 
service. His excellent micro-analytical techniques on 
paint films have made it possible to discover the rate 
of loss of copper from anti-fouling paints actually in 
service on ships. 

Mr. L. J. Brooks (Messrs. Henry Clark and Sons, Ltd., 
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London) : The authors chose the line of least resistance, 
as indicated on p. 588, and preferred a practical approach 
to a strictly fundamental one. In consequence, one is 
led to suspect the validity of certain speculations and 
conclusions based on evidence tacitly lacking in precision. 
There is a tendency to accept the over-simplification 
implied by the rosin-solution theory, and to ignore the 





* Journal of The Iron and Steel Institute, 1947, vol. 
157, Dec., pp. 587-600. 
+ Ibid., Nov., pp. 429-446. 
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more complex influences of diffusion forces and the 
products of chemical reaction. I do not say that these 
assumptions are wrong, but one would be more impressed 
by the observations of a more exacting technique—an 
opinion confirmed by experience with Dr. H. W. Keenan 
of fundamental leaching-rate studies conducted some 
time before the official interest in anti-fouling research 
arose. 

A more detailed study might, for example, show that 
the losses of Cu,O and rosin are not necessarily simul- 
taneous, but that they can exert their major effects 
separately and at opposite periods in the life of the 
film. Concerning permeability, it might be possible to 
show that two substituent materials of different water 
sensitivities (e.g., linseed oil and wood oil) might have 
respectively different effects on the leaching rate when 
introduced into simple rosin films. 

Then, again, one has to consider the sensitivity of 
these films to pH changes, notably that introduced by 
the reaction of HgO and saline solution, and the forma- 
tion of insoluble by-products of presumably different 
physical characteristics (e.g., the hydroxide and oxy- 
chloride of copper), all of which have significance in 
determining both the reproducibility of the leaching- 
rate test and the nature of service performance. 

By all means let us have the practical test on as large 
and as representative a scale as possible, but let it be 
the final criterion of work based on first principles, and 
not the primary instrument of investigation. Indeed, 
extensive practical and semi-practical work is a normal 
activity of up-to-date industrial laboratories, and it is 
no reflection on the competence and skill of these 
investigators if I express the opinion that they would 
have found the strictly fundamental approach a far 
more profitable means of attack. On the contrary, apart 
from this criticism, they should be complimented on the 
thorough and comprehensive manner in which they have 
conducted the work. 

Ing. J. F. H. v. Eijnsbergen (N.V. Chemische Industrie 
**Synres,” Holland) : Has there been any investigation 
of the leaching-out of copper rosinate made from ordinary 
rosin or from dimerized rosin ? 

Mr. H. R. Wood (Messrs. Storry, Smithson, and Co., 
Ltd., Hull): Dr. Barnes stated that soap formation, 
viz., copper rosinate, made a difference in the leaching 
rate. Consideration must be given to the type of rosin, 
American being preferred to French or Portuguese types. 

The temperature may vary during milling ; large ball 
mills, unless water-cooled, may develop a higher tempera- 
ture than a roller mill. It seems to be extremely difficult 
to keep constant temperature during milling. 

Mr. W. A. D. Forbes (The Admiralty, Bath) : These 
papers are the first to touch on the physical chemistry of 
anti-fouling manufacture. It had been increasingly 
evident to me, over the last few years, that no real 
progress would be made until much detailed work was 
done on this subject. Five years ago I discussed these 
problems at the Woods Hole Institute with people 
engaged on anti-fouling research in America. I was 
much impressed with the leaching-rate test, and on my 
return passed on the details to the workers at Millport. 
I mentioned the test at a meeting of the Institution of 
Naval Architects, in 1943, and afterwards several paint 
manufacturers asked me for particulars. One or two 
firms in this country have, I know, conducted a large 
amount of research into leaching rates, but that incident 
seemed to be a surprising admission that many paint 
manufacturers, at that date, knew little about how their 
anti-fouling paints really acted. I was so impressed by 
that lack of knowledge that I proposed to the Marine 
Corrosion Sub-Committee that a panel to study leaching 
rates and to standardize the method of determination 
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should be set up. That the subject is complex is borne 
out by the still-existing lack of agreement on the test, or 
on its significance, but it is clear that it is an important 
tool to eliminate unsatisfactory compositions at an early 
stage of development. In the Royal Navy we have a 
sure method of testing the efficacy of an anti-fouling 
paint. If in course of time there is no increase in the 
engine revolutions required to maintain a given speed, 
we know that the anti-fouling paint is satisfactory ; but, 
at the moment, our paints do not fulfil this condition. 


CORRESPONDENCE 

Mr. C. Dinsdale (Railway Executive, Eastern and 
North Eastern Region, Doncaster) wrote : In introducing 
his papers, Dr. Barnes commented upon the fact that as, 
in his opinion, there was no danger of fouling in the Clyde 
area during the winter, monetary savings might result 
if British Railways were to put anti-fouling composition 
on their Clyde passenger vessels only once a year instead 
of twice. It is evident from the data presented in 
Dr. Barnes’ papers that he had been connected with 
service tests on vessels belonging to the L.M.S. Railway 
Company, whose custom it was to dock the majority of 
their Clyde steamers at six-monthly periods, when they 
were coated with anti-corrosive and anti-fouling composi- 
tions as required (normally one coat of each at each 
docking). On the other hand, except in unusual circum- 
stances, Clyde vessels owned by the L.N.E. Railway 
Company, were drydocked once a year, when they were 
given one full coat of anti-corrosive and one full coating 
of anti-fouling. Since the beginning of 1948 all Clyde 
steamers owned by British Railways have been operated 
and maintained by one superintendent, and Dr. Barnes 
may be interested to know that the Marine Super- 
intendent, Scottish Region, intends to adopt the old 
L.N.E.R. procedure for drydocking and painting his 
Clyde steamers, that is the vessels will be docked once 
a year, when they will receive one coat of anti-corrosive 
and one coat of anti-fouling composition. 


AUTHOR’S REPLY 


Dr. H. Barnes (Scottish Marine Biological Association, 
Millport) said in reply : The papers under discussion are 
the first of a series, and it is unfortunate that Mr. 
Brooks has not restricted his criticisms to these papers, 
in which only a general outline of the theory of leaching- 
rates has been given. Almost all the questions he raises 
will be dealt with in due course as the remainder of the 
work is submitted for publication. He has no specific 
criticism of the papers under discussion. The fundamental 
and practical aspects have been constantly borne in mind 
throughout this work, and, as a result, a number of 
efficient anti-fouling compositions have been prepared 
and some understanding of their mode of action has 
been obtained. 

In reply to Ing. J. F. H. v. Eijnsbergen: the rate of 
solution of copper rosinate is low and no work has been 
done on copper soaps of dimers; nor (in reply to Mr. 
Wood) have I any information on the difference between 
soaps prepared from rosins of different origin. 

I quite agree with Mr. Forbes in regard to the impor- 
tance of leaching-rate investigations, but find his remarks 
very difficult to reconcile with those of Mr. Brooks. 
With regard to the “ still-existing lack of agreement ” 
concerning leaching-rate work, a careful perusal of 
papers now being published* should remove much of 
his uncertainty. 





* H. Barnes: “ Studies on Anti-Fouling Compositions, 
Parts I-V,”’ Journal of the Iron and Steel Institute, 
1947, vol. 157, Dec., pp. 587-600; 1948, vol. 159, June, 
pp. 175-185 ; 1948, vol. 160, Oct., pp. 177-184. 
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Joint Discussion on the Papers— 





DISCUSSION ON PROTECTION OF STEEL AGAINST 


CEMENTIFEROUS PAINTS*, by J. E. O. Mayne and R. S. Thornhill 


MARINE EXPOSURE OF CEMENTIFEROUS PAINTING SCHEMES}, 
by K. A. Pyefinch 


Dr. J. E. O. Mayne (Cambridge University), co-author 
with Dr. Thornhill, said : Dr. Thornhill has given us an 
account of the work done on cementiferous paints. 
I propose to review the present situation and to discuss 
the ways in which such paints could be improved. In 
their present form cementiferous paints suffer from two 
disadvantages : 

(1) When the paints are immersed in water the 
zine oxy-chloride matrix is hydrolyzed. 

(2) When the paints are exposed to the atmosphere, 
the water, which forms part of the vehicle, may dry 
out, and the electrolytic resistance between the zinc 
and the iron may be increased. Cathodic protection 
of the iron may then cease, and corrosion of the iron 
may occur, the corrosion being stimulated by the 
presence of chloride ions. 


It is probably for these reasons that the only general 
application for the paints, so far, is their use as priming 
coats on ships’ bottoms, an application in which the 
hydrolysis of the matrix is delayed by the use of a sealing 
coat, and the drying out is prevented by immersion in 
sea water. Mr. Pyefinch will discuss this application. 
It is possible that both these disadvantages could be 
overcome by the development of paints based on 
phosphates or silicates. 

Mr. K. A. Pyefinch (British Iron and Steel Research 
Association, Millport, Scotland), in presenting his own 
paper, said that recent tests, in which a priming coat of 
a cementiferous composition (E412) had been immersed 
in the sea, coated with a single coat of A.C. 173 as the 
sealing coat, had shown that the performance of the 
latter was less satisfactory under such conditions than 
when a three-coat scheme (cementiferous primer (E412), 
sealing coat (A.C. 173), anti-fouling coat) was used. 
Further tests should be made, using a number of dif- 
ferent anti-corrosive compositions, to discover the type 
of anti-corrosive which was most effective as a sealing 
coat, both in the presence, and in the absence, of a 
further coat of anti-fouling paint. 

Dr. U. R. Evans (Cambridge University) : Perhaps the 
most useful thing that I can do is to consider in turn 
some of the proposed uses of cementiferous coats and 
give my opinions on each. First of all, as regards paints 
for general protection of steel against the atmosphere, 
I fear that the cementiferous paints are of little practical 
value, for the reasons which Dr. Mayne has given in his 
introduction to the discussion. It is possible that by 
modifying them, so as to produce oxy-phosphates in 
the place of oxy-chlorides, they might become useful in 
such situations, but I can foresee certain scientific and 
technological difficulties. 

There is one particular cementiferous paint which has 


now been in technical use for six years. It is referred 
to in Professor Wesley Austin’s letter to Nature,{ in 


which he says that such a paint (actually E390 of this 
paper) was put into industrial use in 1942 in a plant 
where rapid corrosion cracking had caused frequent 
stoppages in a process of high war priority, and has been 
successfully employed ever since. This case is worth 





t G. Wesley Austin: Nature, 1948, vol. 16i, p. 569. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


mentioning, firstly, because it shows that a cementiferous 
paint has already proved itself practically useful, and 
secondly because it is an example of the fact that a 
coriosion problem can sometimes be solved quickly. 
We heard of the problem one day, and as none of the 
paints which we had hitherto produced seemed likely to 
be suitable, we made up another composition which was 
designed to meet the service conditions. It was sent 
off within two days with the request that it should be 
tested (with precautions) on the plant. There was no 
time for laboratory tests, but it stopped the cracking, 
and the formula has been used successfully ever since. 

A year or two ago, Dr. Jordan gave some very interest - 
ing figures about the shortage of drying oils in this 
country, and he showed that none of the new synthetic 
compositions was likely to make good that shortage. 
The question now arises whether inorganic constituents 
such as the cementiferous paints could be used. Ordinary 
paints today are largely used not on metal, but on wood 
and plaster ; often they serve, not for protection, but 
for decorative purposes. Now the cementiferous paints 
can be applied to wood and to plaster. As far as we 
know, they afford no protection at all, and they do not 
render wood non-inflammable, but they might be 
regarded as decorative. They can be obtained in pleasant 
shades. On the other hand, they show brush-marks ; 
that seems unavoidable, but I am not sure that it is 
necessarily an objection, since decorative patterns could 
be based on the skilful use of brush-marks. 

Now let us come to the possible marine uses, and, 
first of all, employment as primers for ships’ paints. 
There are some tests now in progress on actual ships, 
and of the results so far obtained, some are encouraging 
and others less encouraging. I feel that further tests on 
ships ought to be carried out, because quite often, as 
has been mentioned, the sealing coat applied over the 
cementiferous paint has contained lead compounds. 
Lead compounds, themselves, possess valuable anti- 
corrosive properties, but if they are applied over paints 
containing metallic zinc we are combining two distinct 
protective principles, and the benefits obtained will not 
be the sum of the benefits obtainable for the two indi- 
vidual systems. On the contrary, the lead compounds 
will almost certainly interact with the metallic zinc, and 
each will interfere with the benefits otherwise conferred 
by the other. I think, therefore, that service tests of 
a slightly different character are required. Nevertheless, 
results already obtained are distinctly encouraging. 

It is worth noting that these paints ought not to be 
applied over old organic paints, so that their use tends 
to be limited to new ships or to ships which can be 
scraped. On the other hand, the advantage of a paint 
in which the vehicle is essentially water or aqueous 
solution is considerable. The brushes can be washed 
out under a tap or in a bucket, and from personal 
experience I can say that this is a very welcome feature. 
Quite a number of people have spontaneously expressed 
pleasure at the ease with which the coats can be applied. 





* Journal of The Iron and Steel Institute, 1948, vol. 
158, Feb., pp. 219-228. 
+ Ibid., pp. 229-235. 
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ATMOSPHERIC CORROSION 


With regard to their possible use as anti-fouling paints 
on ships, the employment of cementiferous vehicles for 
toxic constituents has not, as Mr. Pyefinch has pointed 
out, been very successful. It is just possible that if new 
paints based on phosphates were developed, these might 
be more successful for holding organic anti-fouling 
agents. 

Finally, there is their possible use as fireproof paints 
on steel in the interior of ships. I do not mean paints 
which render timber unburnable, but paints which will 
not burn themselves. Coats of paint based on drying 
oils burn quite readily. All those who have friends or 
relatives in the Navy or the Mercantile Marine would 
be glad to hear of the abolition of inflammable paints 
inside ships, not necessarily through replacement by 
cementiferous paints, but perhaps by some other groups 
of inorganic paints which cannot burn. 

Nearly all the work on the use of cementiferous paints 
as fire-resistant coatings has been carried out at Ports- 
mouth. An admirable description of recent naval work 
has appeared in Paint Manufacture.* The earlier 
history is roughly as follows : In 1943 we were asked by 
the Admiralty representatives on the Corrosion Com- 
mittee to develop samples of cementiferous paints 
suitable for use on ships as fire-resistant coatings. We 
modified the composition accordingly, and in 1944 
Dr. Thornhill took to Portsmouth for this purpose some 
paints which we had tested out roughly at Cambridge. 
They were tested at Portsmouth and stood up well 
against the fire test, but apparently they tended to 
“rub off.” Dr. Mayne suggested that, if ethyl silicate 
were applied over the coat, that objection might be 
overcome. I heard no more for some time and thought 
that the suggestion had been a failure, but apparently 
the tests at Portsmouth had continued, and finally 
some encouraging results were obtained. First the 
Admiralty chemists dealt with another objection. 
Cementiferous paints, as we then knew them, had to be 
freshly made up for each application. By adding 
industrial alcohol, the Admiralty chemists obtained a 
cementiferous paint which they could keep ready mixed 
for reasonable periods—a great practical advantage. 
They also tried ethyl silicate, which seemed to work 
reasonably well. The cementiferous paints, as normally 
obtained, were grey, and that was considered an un- 
suitable colour for use inside ships, so the Admiralty 
chemists tried to alter the colour. They first tried intro- 
ducing bright pigments into the paints themselves, but 
decided that the grey colour was inevitable. On that 
point we do not entirely agree with them.t Next they 
tried to introduce colours into the ethyl silicate, but 
found that the pigmented layers tended to flake off. 
This flaking was overcome by introducing plasticizing 
agents into the ethy! silicate mixture. Linseed oil was 
tried first, but that made the paints less fire-resisting, 
so that other agents, such as dibutyl phthalate, were 
used with good results. It was now found, however, that 
the pigmented silicate could not be kept ready mixed. 

It would seem on the face of it, that the various troubles 
could be overcome in another way. I suggest that first 
we apply the grey anti-corrosive coat, and cover that 
with a coloured cementiferous paint. This second coat 
will give no additional anti-corrosive action, but it will 
provide the colour desired. Finally, let us cover the 
coloured coat with transparent unpigmented ethy!] sili- 
cate. Some of the clear varnishes containing ethyl 
silicate will keep indefinitely, according to the work of 
King, who has made a special study of ethyl] silicate 
mixtures. It may be that there are service objections 





* Paint Manufacture, 1948, vol. 18, p. 84. 
7 Coloured coatings were here exhibited by Dr. Evans. 
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to these ‘ keeping’ mixtures of ethyl silicate, alcohol, 
and water, and Admiralty requirements may demand 
different proportions. If so, it will be necessary to mix 
the clear varnish on the ship, just before application. 
Such a mixing process is not completely straightforward. 
It will be desirable to instal either shaking or stirring 
apparatus on the ship, but it should not be impossible 
to mix the ethy] silicate varnish once a week, or so, and 
thus overcome the various objections. 

Dr. J. C. Hudson (British Iron and Steel Research 
Association, Birmingham) : The performance of painting 
schemes on steel is markedly affected by the surface 
preparation of the plates or sections to which they are 
applied. Whereas, in the case of steelwork intended for 
atmospheric exposure, it is essential, if the best results 
are to be achieved, to apply the priming coat to a 
freshly descaled surface before any rust has had an 
opportunity to develop, this is not so for ships’ bottoms. 
The experimental work of the Marine Corrosion Sub- 
Committee has shown that the performance of some 
painting schemes is bad on freshly pickled surfaces, owing 
to lack of adhesion. This performance is greatly improved 
if the steel is allowed to weather for a few weeks ; the 
rust that develops is not injurious, as in the case of a 
land structure. 

The same result holds true in the preparation of steel 
for painting, by weathering and hand cleaning. This 
is one of the worst surfaces for paint application to 
structures exposed to atmospheric attack. On the other 
hand, provided that the descaling is reasonably complete, 
say 90% of mill-scale removed, or better, this method 
of surface preparation will give good results on ships’ 
bottoms. Less complete removal of the mill-scale, how- 
ever, would be dangerous, as plates on which considerable 
areas of contact mill-scale were left might suffer serious 
pitting by electrolytic action. 

Mr. H. R. Wood : Having heard Dr. Hudson’s state- 
ment, I think cementiferous paints, applied to ships’ 
plates immediately after pickling, have great possibilities. 
Both time and labour would be saved as pickled plates 
rust quickly and must normally be thoroughly wire- 
brushed before painting. 

Mr. W. A. D. Forbes : I should like to point out that 
what Dr. Hudson says applies to the underwater struc- 
ture of ships, but there is, of course, a lot of a ship’s 
structure above the water, and it would be an enormous 
advantage if shipbuilders would pickle and give a priming 
coat to plates for above-water construction as soon as 
they come into the yard. 

Mr. H. R. Wood : Weathering of ships’ plates for one 
year may not be long enough to remove all the mill- 
scale ; at least it would not be as efficient as pickling. 

Dr. T. P. Hoar (Cambridge University) : I am particu- 
larly interested in the authors’ use of potential measure- 
ments to assess whether or not a coating is continuous 
and whether it is connected to the steel. It has occurred 
to me, only recently, that the potential obtained depends 
on how the connection to the specimen is made. If the 
connection is made by a clip to the outside of the 
cementiferous-painted specimen, then a * zine ’ potential 
merely means that the zine is continuous within the 
cementiferous coating, and not necessarily that the zine 
is connected to the steel. On the other hand, if, as I 
suppose, the connection was actually made to the steel 
base, not to the coating, the obtaining of the zinc 
potential must mean that the zine is connected to the 
steel. It may seem to be a minor point, but if the 
authors would clear that up it might be of assistance 
to others working on similar matters in the future. 

Another point with regard to potential measurements 
—which I agree are of great value in ascertaining whether 
the paint is working or not--is the authors’ explanation 
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of why, even with a good paint, the potential increases 
with time. They suggest that it is because the zinc films 
running through the paint to the steel surface become 
thinner, and therefore the metallic resistance of the 
coating increases. I think it is more likely that the zinc 
particles are accumulating corrosion products upon them, 
which gives rise to a type of anodic polarization, or a 
potential drop through the layer of corrosion product 
round the zine particles. This effect occurs on zinc 
protectors. A heavy layer of corrosion products occurs 
on the zine and tends after a short time to make the zinc 
have little galvanic action towards the iron ; but in the 
present case, when there is initially a porous coating of 
zine all over the steel, the corrosion product is formed, 
at any rate in part, in the pores, so that there is still 
a protective coating over the steel after the zinc has 
ceased to give electrochemical protection. This is borne 
out by the good results given by these paints both in 
service and in the authors’ tests. 

Mr. €. Gordon Smith (Messrs. Alfred Holt and Co., 
Liverpool) : The way in which Mr. Pyefinch proposes 
to build up a number of coats on a priming coat of 
cementiferous paint is startling. I had looked on it 
as something which went on to the hull and was followed 
by an anti-fouling coat, but it appears that he prescribes 
first a cementiferous coat, then a sealing coat (specially 
selected), then a protective coat, and finally an anti- 
fouling coat. Was it his intention to put all these coats 
on a vessel on which the company with which I am 
associated had authorized experimental applications ? 

One point which comes to mind, is the wear and tear 
to the paint coats on the bottom, which ships suffer, 
particularly in the Far East. .As time goes on it is 
necessary to make this good. How is it proposed to do 
this? As it is understood that cementiferous paints 
must not be applied over old paints, what surface 
preparation is to be recommended ? The old practice 
of touching up with anti-corrosive, and applying a full 
coat of anti-fouling composition may no longer be 
suitable. 

The prospect of having available an anti-corrosive 
paint, which can be applied in bad conditions and in 
bad weather, is very encouraging, but if this has to be 
followed by a conventional paint which requires low 
humidity, a certain temperature and so on, the position 
is rather different. 

The preservation of the upper parts of ships is always 
a matter of interest, although more is heard of the 
problem of combating corrosion in connection with the 
lower parts. In particular, the heavy wastage found in 
and about the double-bottom structure is of great 
concern, and so far there appears to be no means of 
effectively checking this. It is hoped that Dr. Evans 
and his collaborators will be encouraged to go on with 
their work in this field. 

The Chairman : Can these materials be used to combat 
the internal corrosion of tankers, where serious problems 
arise from alternate oil and water replacement ? 

Mr. G. W. Mack (Building Research Station, Garston, 
Herts) : I am very interested in the way in which the 
authors have dealt with the question of pot life by using 
various types of chlorides to react with the zine oxide. 
In zine oxy-phosphates, used in dentistry, and in zinc 
oxy-chlorides, sometimes used for stone repairs in 
building, the addition of various chemicals as retarders 
is common. For instance, the use of a solution of zine 
chloride, containing boric acid, to wet a mixture of zinc 
oxide and fillers, gives a mix which remains workable 
for a few hours. I should be glad to know whether the 
authors have any experience of this type of retardation, 
and whether it has any special disadvantages from the 
point of view of the corrosion of steel. 
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AUTHORS’ REPLIES 

Dr. R. §. Thornhill (Imperial Chemical Industries, 
Ltd., Northwich) said in reply : It has been very interest- 
ing to hear the review of this work by Dr. Evans, since 
he was concerned with so much of it, and to know of the 
developments which have taken place in the Admiralty 
laboratories to make these paints of more general 
application. I think that he exaggerated somewhat 
when he said these paints were of little practical value ; 
they are of value in certain situations, and no doubt 
other applications will come to light. The formulae are 
given and it is open to anyone to try them. 

In addition to the applications already listed, these 
paints are very effective for touching up rusty bodywork 
on cars, and the zinc dust—barium chloride combination, 
when used as a paste or a putty (with less medium) can 
be used for bridging over gaps in wings and doors. 

The failure in an industrial firm, referred to by Dr. 
Evans, was due to corrosion fatigue, and periodical 
applications of the paint have prevented any recurrence. 

Dr. Hoar raised a question on the measurement of the 
potentials. In fact we clipped the terminal on to the 
bare steel so that in effect we were attempting to assess 
the degree of contact between the steel and zinc. We 
had considered the effect of the formation of a film of 
corrosion product round the zinc particles, but this would 
seem to raise the electrolytic resistance. The movement 
of potential was such as to require a decreasing electro- 
lytic resistance, and for this reason we have favoured 
the idea that loss of electronic contact was the principal 
factor involved. 

The Chairman has mentioned the use of these paints 
for tankers. They are resistant to petrol and oil, and 
have a reasonable degree of protection against sea water 
and ballast. 

I am afraid that we have no information on the 
question of retarders, and Mr. Mack’s suggestion to 
use boric acid is valued. As far as I am aware boric 
acid has not been incorporated in any of these paints. 

Dr. J. E. O. Mayne said in reply: Cementiferous 
paints based on silicates or phosphates might be suitable 
as an aqueous wash on freshly pickled steel surfaces. 
The present type, based on oxychlorides, would probably 
be unsuitable for the reasons already discussed. 

Regarding the use of these paints in oil tankers, 
laboratory experiments have shown that the paints are 
resistant to petrol, oil, and sea water. Their behaviour 
on rusty surfaces is variable and suitable means of 
removing rust from the tanks have not yet been found. 

Cementiferous paints do not require a _ retarder 
because the mechanism of setting depends on the 
controlled liberation of zinc chloride from zinc dust. 

Mr. K. A. Pyefinch said in reply : Though the painting 
scheme based on a cementiferous primer is more elaborate 
than Mr. Gordon Smith had hoped, it is not more 
elaborate than the scheme commonly in use at present, 
since many ships receive two coats of anti-corrosive 
paint before launching and a further coat of anti- 
corrosive, and one coat of anti-fouling paint, when in 
dry-dock after fitting-out. It is necessary to seal the 
surface of a cementiferous composition with an oleo- 
resinous protective paint before immersion, and the 
further application of oleoresinous protective paint after 
fitting-out may be necessary to make good any mechani- 
cal damage that may have occurred. Such damage will 
probably not have affected the cementiferous coat, but 
it may have removed the sealing coat, and it is essential 
that this coat should be intact before the anti-fouling 
coat is applied. 

Provided that sealing has been effective, the cementi- 
ferous priming coat should be intact after a voyage, so 
that the question of renewal should not arise. 
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The Application of Dry-Coke Cooling Plants to 
Integrated [ron and Steel Works 


By L. H. W. Savage, M.Se., F.R.I.C., and A. V. Brancker, Ph.D. 


SYNOPSIS 
The main points of difference between three types of dry-coke cooling plants and their influence on the 


coke-oven operation are described. 


Costs of operation are analysed with particular reference to the bunker-type cooling plant. Cost 
estimates have been compiled for a series of conditions, but in such a form that adjustments in the rates of 


particular items can be made if appropriate. 


The influence of dry cooling on the size and quality of the coke, and the effect of the plant on the fuel 
and power balance of an integrated works are discussed. 


Introduction 
HE sensible heat of the coke discharged from coke 
ovens at a temperature of about 1000°C. is of 
the order of 15 therms/ton, and represents some 
45% of the heat of combustion of the underfiring gas 
used for carbonization. 

In the majority of coke-oven plants throughout 
the world the coke is quenched with water under an 
open tower, and in consequence the sensible heat is 
dissipated to the atmosphere in a cloud of steam and 
water spray. In certain instances, however, the 
opportunity is taken to dispose of effluents by adding 
them to the quenching water. 

Methods have been developed for the recovery of 
this heat in a form available for further use, and the 
purpose of this report is to discuss the applications 


Table I 


COKE OVENS IN THE UNITED KINGDOM, 1946 
Iron and Merchant 


Steelworks Plants Total 
Number of plants 23 67 90 
Percentage of total 25-6 74-4 100 
Coal carbonized, 

1000 tons/yr. 10,189 -3 9978-2 20,167-°5 
Percentage of total 50:5 49-5 100 
Average capacity of plant: Mean 

Coal carbonized, 

tons/yr. 443,013 147,388 224,083 

Coal carbonized, 

tons/day 1214 404 614 
Coke produced, 

tons/day (assuming 

70% yield) 850 283 430 
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and limitations of these methods as far as they affect 
the operation of coke ovens erected in the integrated 
works of the iron and steel industry. Conditions 
obtaining in such plants will be different from those 
in merchant coke ovens, partly due to other plant 
operations, and partly on account of the generally 
larger size and capacity of the carbonizing plant at 
integrated works. This latter point and the scope of 
the problem are shown by Table I, which gives the 
statistics of the coke-oven industry for 1946, the latest 
year for which complete data are available. 
Assuming a 70% yield of coke (including breeze 
and nuts) and a 70% recovery of the sensible heat 
in that coke, the potential saving to the iron and steel 
industry amounts to more than 70 million therms  yr., 
or approximately 1°, of its total fuel consumption. 
It is generally accepted that there are many 
advantages in manufacturing blast-furnace coke 
within the works where it is to be used, and the trend, 
moreover, until the outbreak of war, was towards 





increasing the production of coke at the integrated 
works. Although figures comparable to those of 
Table I are not available, this is clearly shown by the 
rising percentage of the blast-furnace coke made in 

Paper PE/A/31/48 of the Fuel Committee of the Plant 
Engineering Division of the British Iron and Steel 
Research Association, received 28th September, 1948. 
The views expressed are the authors’ and are not 
necessarily endorsed by the Committee as a body. 

Mr. Savage and Dr. Brancker are members of the staff 
of the Plant Engineering Division of the British Tron 
and Steel Research Association. 

103 JOURNAL OF THE IRON AND STEEL INSTITUTE 












































104 SAVAGE AND BRANCKER : THE 
l 
eae See ee 
| Ma “” Total blast- » 
8 | furnace coke consumed 
PAS eee ee Percentage of total mode —— — 
6 , == Bei 2 pot niegroted works at bor 
2 aa ion TaN ae 
it la ae -~" Total biast -furnace coke oe 
<= ———— made at integrated works 44005 
' a 
= = - Sa ae a 
= oes | ' 
Pe 
| | | 
i | . eat 
1930 1935 940 1945 


YEAR 


‘ig. 1—Blast-furnace coke production at 
integrated works 


the integrated works given in Fig. 1, and it can be 
expected that there will be a further upward trend. 


PLANTS FOR THE RECOVERY OF THE 
SENSIBLE HEAT OF COKE 


Methods that have been put forward to recover 
the sensible heat of the coke have been based on 
(a) the endothermic reactions between steam and 
carbon, (b) heat transfer, by direct contact, to a stream 
of inert gas. 

Only the second of these principles has been 
extensively developed, and three types of plant are 
available for full scale operation : 

Bunker-type cooling plant (Sulzer) 
Multiple-chamber coolers (Collin) 
Unit-chamber coolers (Sulzer). 

Tn all these plants the present application is to use 
the heated inert gas to generate steam in waste-heat 
boilers, but the construction and method of operation 
of the three types differ in detail. These plants have 
been repeatedly described in the technical press over 
the past twenty years, and it is therefore not con- 
sidered essential to give detailed descriptions of them, 
but for convenience the main points of comparison 
are tabulated in Table IT, and their particular aspects 
are illustrated by Figs. 2, 3, and 4. These points, 
together with the comments given in the paper, are 
based partly on published information and partly on 
the authors’ own observations of the only dry-cooling 
plants in operation in this country, namely : 

A Sulzer bunker-type cooling plant at the Ford 
Motor Co., Dagenham, installed in 1934, with a design 
throughput of 760 tons of coke/day, operated in 
conjunction with a coke-oven battery. 

A Sulzer bunker-type cooling plant at the Oswald 
Street Gas Works, Burnley, installed in 1928, with a 
design throughput of 240 tons of coke/day, operated 
in conjunction with horizontal retorts. 

A Collin multiple-chamber cooling plant at Staly- 
bridge Gasworks, installed in 1935 and extended in 
1946, with a design throughput of 67 tons of coke/day, 
operated in conjunction with chamber ovens. 


No example of the Sulzer unit-chamber plant is at - 


present in operation in this country. The majority of 
the dry-cooling plants elsewhere are of this type, but 
have been installed mainly in medium- and small- 
capacity gas works in Switzerland, where the excep- 
tionally high cost of coal has been an incentive to 
maximum waste-heat recovery. It has not, however, 
been possible to obtain a first hand opinion on the 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





APPLICATION OF DRY-COKE COOLING 


operation of this type of plant or on its suitability 
for use in conjunction with coke ovens. 

The most important points arising from the com- 
parison of the three types of plant, in the view of 
the authors, are: 

(1) The Sulzer plants need impose no restriction 
on coke-oven operation, as they can be by-passed 
if wet-quenching facilities are available. 

The limitation that the Collin plant cannot be 
by-passed is fully realized by the manufacturers, 
but no alternative scheme has yet been put forward. 
It would not, however, appear unreasonable to 
erect the cooling chambers away from the battery, 
and although this would entail a greater potential 
cost, among other items a transfer car and loco- 
motive being required, it might be possible to offset 
this by reducing the number of cooling chambers. 

(2) The bunker-type plant approaches a con- 
tinuous counter-current heat exchanger, and thus 
has a higher thermodynamic efficiency than the 
batch-cooling plants. This has two practical 
advantages : 

(a) Temperatures at any point in the system are 
fairly constant. so reducing the danger of damage 
to refractories due to changing thermal stresses 

(b) The gas enters the boiler system at a higher 
and more constant temperature than is possible in 
the other plants, resulting in higher rates of evapora- 
tion per sq. ft. of boiler surface. Relative figures 
quoted by Fehling! for rates of evaporation in 
waste-heat boilers with an outlet temperature of 


200-220° C. are: 
Inert Gas Temperature, Mean Temperature Rate of Evaporation 
U. Difference, °C. Ib./sq. ft./hr. 
400 175 ion 
500 215 2°1 
600 255 2°6 
700 290 3°1 
800 325 3°7 
900 360 4-5 


The possibility of the battery operation being 
restricted by the coke-cooling plant is undoubtedly 
an important factor to be considered by every coke- 
oven manager. Delays necessarily occur in the normal 
coke-oven operation, due, for example, to maintenance 
of the oven machinery and in some cases the auxiliary 
coke-handling equipment. Apart from considerations 
of availability of coal supplies or possible changes in 
coke requirements it is seldom that the coke ovens 
will be able to maintain a uniform schedule for long 
periods. 

Wet quenching of the coke is, however, a rapid 
process, it being possible to discharge an oven, 
quench, and discharge the cooled coke on the wharf 
in less than 7 min., even with a large battery. If, for 
example, an individual oven capacity is about 10 tons 
of coke, carbonized in about 16 hr., a battery output 
of 1000 tons/day corresponds to a normal pushing 
interval of 15 min. A delay of 2 hr. at the battery 
means that 8 ovens are not pushed, but when opera- 
tions are resumed the pushing interval can be reduced 
to say 8 min. until the ‘ lost ’ ovens have been re- 
covered and the battery is back on schedule. Under 
these conditions the full daily quota of coke can be 
produced in spite of the delay. 

On the other hand if the battery output is of the 
order of 1750 tons/day the normal pushing interval, 
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if only one operating crew and set of machines are 
used, will be about 8} min. Under such conditions 
‘lost * ovens can only be made up with difficulty, and 
the daily quota of production is unlikely to be attained 
in the event of delays. 

Dry cooling of coke is a relatively slow process 
compared with wet quenching, a 10-ton batch of coke 
requiring periods of approximately 1, 3 to 4, and 5 
to 6 hr. in the Sulzer unit-chamber, Sulzer bunker, 
and Collin chamber plants, respectively. Although in 
the Collin plant each chamber serves three consecutive 
ovens, and there is thus no necessity to reduce the 
gross cooling time to less than one third of the coking 
time, one of the authors* has attempted an examina- 
tion of the fundamentals of gas flow and heat transfer, 
in systems of irregular and non-uniform sized solids, 


to ascertain the reason for such differences and, if 


possible, to estimate the effects of changing the 
cooling schedules, particularly as a result of delays. 

This approach to the problem indicated that it 
should be possible to effect a reduction in the cooling 
time in the bunker plant, but due to the inadequate 
and sometimes conflicting experimental data so far 
published it has not been possible to make a reason- 
able assessment of its magnitude. It has been 
reported (Mr. F. Pearson at a recent conference) 
that at Dagenham over 550 tons of coke per day 
have been passed, without loss of efficiency, through a 
bunker unit designed for a throughput of 350 tons. 
This indicates that, provided the fans can circulate a 
sufficient volume of cooling gas, the bunker plants 


have a high overload capacity, but as the influence of 


varying the screen analysis of the run of oven coke 
has not been ascertained it does not necessarily follow 
that a similar increase may be practicable at all works. 
It is probably reasonable to assume that in emergencies 
overloads of 25% can be carried in all the cooling 
plants, but it is not yet possible to say that the capital 
costs could be reduced by raising the rating. 

Following a delay of 2hr. on a 1000 ton/day 
battery it may be possible to pass the bulk of the 
coke through the cooling plant, even with the pushing 
interval reduced to 8 min., for the 2} hr. necessary to 
return to schedule. A two-unit bunker plant with a 
total holding capacity of 160 tons makes it possible 
to continue dry cooling for 2 hr. before there is any 
danger of imperfectly cooled coke being discharged, 
corresponding to a 50% overload. If this is too high 
it will then be necessary to wet quench some of the 
ovens subsequently discharged. With a 4-unit 
chamber plant this reduced schedule allows a gross 
cooling time of 32 min. compared with the normal, 
60 min., but bringing in the spare unit allows a gross 
cooling time of 40 min. In the Collin plant the per- 
missible cooling time will be 2 hr. less than normal 
in the case of the first oven discharged, but will be 
increased by 7 min. for each subsequent oven until 
the normal cooling time is regained. 

Delays due to conveyor belt and screen maintenance 
do not normally influence the battery operation 
provided there is sufficient coke-wharf capacity to 
accommodate the wet-quenched coke. The Sulzer 
chamber plant, from which the dry-cooled coke is 





* Dr. Brancker, in a privately circulated paper. 1947. 
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similarly discharged to the coke wharf, will also not 
be affected by such maintenance, and _ therefore 
imposes no restriction on the battery. The bunker 
plant on the other hand can, at the most, discharge 
two ovens and therefore accommodate two more coke 
batches unless the coke is removed by conveyor, or 
unless, in the event of a prearranged stoppage, the 
bunkers have been partially emptied. Battery opera- 
tion can, however, be continued by wet quenching 
up to the limit of capacity of the wharf. With the 
Collin chamber plant, as the chambers cannot be 
emptied, the ovens they service cannot be discharged. 

The cooling plants themselves will not have 100% 
availability, the longest intervals in operation of the 
Sulzer plants being due to boiler inspections and 
cleaning, requiring probably one to two weeks each 
year, during which necessary repairs to the cooling 
chambers can be effected. With the bunker plant, 
complete relining of the cooling chamber will be 
necessary about every ten years. Attention to the 
cooling plant and its machinery, unless sufficient 
standby capacity is available, may result in occasional! 
‘ovens’ being wet quenched to avoid interference with 
the battery operation, although, no doubt, in many 
instances such maintenance can be synchronized with 
oven delays. The advisability of providing standby 
plant will be determined by the balance between the 
extra capital charges on the one hand, and, on the 
other, by the cost of making up lost steam from other 
sources with the addition of the cost of the standby 
wet-quenching plant. 

The Collin plant, which is far more an integral part 
of the coke ovens, imposes greater restrictions on the 
battery operation for, as exemplified by the Iron and 
Steel Corporation of Rhodesia plant, it is impossible 
to discharge the coke from any one oven except 
through a particular chamber. For the same reason 
the question of standby capacity does not arise. 

COSTS 

It is obvious that, as there are several plants where 
dry cooling of coke has been carried out for a number 
of years, the processes are technically operable 
provided that there is a high standard of maintenance, 
comparable with that given to a carbonizing plant. 
Further application of these processes will primarily 
depend, therefore, on the costs of installing and 
operating the plants, and an attempt is made below 
to itemize the basic data on which a cost estimate 
can be made by the individual works. 


Capital Costs of Dry-Cooling Plants 

Capital costs at the present time can, of necessity, 
only be given approximately, and may need to be 
modified when considering any particular plant and 
works. Although the Collin plant is fairly well 
standardized at one chamber for every three ovens, 
the Sulzer plants can be varied within limits, according 
to standby capacity or flexibility required. In Table 
III tentative estimates are given for these plants 
which are believed to be within + 10% of firm 
quotations for 1948. 

In the case of the Sulzer bunker plants the coke 
locomotive, which is of the conventional type, has 
not been included. 
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Table II 
COMPARISON OF DRY-COKE COOLING PLANTS USING INERT-GAS RECIRCULATION 





COOLING 





Type of Plant : 


Bunker Plant (Sulzer) 
(as in Fig. 2) 


Unit Chamber Plant (Sulzer) 
(as in Fig. 3) 


Multiple Chamber Plant (Collin) 
(as in Fig. 4) 





Description 


No. of units required: 
(a) 
ovens/day x 10 tons) 


750 tons coke/day (75 


(b) 1000 tons coke/day (100 


ovens/day = 10 tons) 


Cooling-plant location 


Cooling-chamber construction 


Cooling-gas admission method 


Coke-charging method 


Coke movement during cooling 


Methods of discharging and 


removing coke 


Coke car 


Temperature of coke leaving 


cooler 
enters at 950-1000° C.) 


(assumed that coke 


Temperature of gas leaving 


coke-cooling chamber 


(as- 


sumed that gas enters at 


about 150-200° C.) 


gett of gas entering 
boil 


ler system 


Gas valves 


Coke-charging doors 


Coke-discharging doors 


Additional coke controls 
cooling chambers 


Dust traps 


in 


One cooling bunker, or more, each 
containing a number of batches 
of coke, with independent boiler 
units and separate cooling-gas 
circulation systems 


2 units, holding-chamber capacity 
about 50-60 tons each 

2 units, holding-chamber capacity 
about 80-90 tons each 

or 3 units, holding-chamber capa- 
city about 50-60 tons each 


Any convenient position along coke 
car track 


Reinforced concrete. Main portion 
lined with refractory with insu- 
lation backing, but tapered 
bottom section-lined with blue 
brick. Bunker terminates in two 
coke-discharge boots 


Through distributor located near 
bottom of coke chamber 


(a) From oven into coke car 

(b) Sliding discharge into 
hoists 

(c) Tipped from skips into top of 
cooler 


skip 


Dropped about 2 ft. every time a 
batch is withdrawn. Any partic- 
ular batch passes through the 
cooler in about 3-4 hr. 


A number of independent cooling 
chambers, each containing a 
single batch of coke, and each 
with an independent boiler unit 
and cooling-gas circulation sys- 
tem 


4 units (3 in use, plus 1 spare) 
5 9 (4 o* ” ” 1 ” 


Any convenient position along coke 
car track 


Steel casing with removable coke 
container of steel and cast steel 


Through distributor in each mobile 
coke container 


(a) From oven into special coke 
container on carriage 

(b) Container pushed bodily into 
cooler by mechanism on carriage 


None 


tai 


(a) G withdrawn bodily by 





(a) By ‘gravity to wharf i d 
iately below cooling chambers 
(b) Sliding discharge through fin- 
ger gates on to conveyor belt 


Substantially conventional type 
for wet quenching 

Fairly uniform about 250° C. Little 
danger of ‘hot spots’ through 
persistent channeling, as the coke 
in the cooler is dropped about 
2 ft. every time a batch is with- 
drawn 


Fairly constant, varying from 
about 800° C. after adding fresh 
batch to about 750° or 700°C. 
before adding subsequent batch, 
depending on pushing schedule 


As above 


Butterfly valve may be installed on 
cooling-gas main between fan 
and cooling chamber to stop gas 
circulation while charging coke. 
Isolating dampers required if 
ducts connected so that either 
fan can supply both units 


Lifting door on top of cooling bun- 
ker usually water sealed, oper- 
ated by electric motor 


Mechanically sealed hinged door 
on each discharge boot 


Baffle plates available around 
charging hole; ‘ pokers’ or gates 
required at inlet to dischargé 
boots to hold up main body of 
coke while discharging a batch 


(a) Between bunker and boiler for 
coarse dust 

(b) Cyclone between boiler pre- 
heater and circulating fan 
Both can be discharged without 
interrupting cooling process 

(ce) Dust extraction system instal 
led over wharf 


mechanism on coke carriage 
(6) Coke tipped on to coke wharf in 


any convenient position by 
carriage mechanism 
(c) Sliding discharge through 


finger gates on to conveyor belt 


Special carriage for handling the 
coke containers 


Fairly uniform, but slightly hotter 
at top of container than at bot- 
tom, and probably 325-275° C. 
‘Hot spots’ through uneven gas 
distribution in non-uniform ma- 
terial may occasionally occur 


Variable, from over 700° C. at start 
to about 300° C. at end of cooling 
cycle of about 50-70 min. 


As above 


None required 


Mechanically sealed door on fiont 
of cooling chamber, either sliding 
or lifting 


Charging door 


None required 


None. Some dust collects in bottom 
of chamber from which it can 
be easily raked out 


A number of cooling chambers 
each containing a single batch of 
coke, through which cooling gas 
flows in parallel, with one or 
more common boiler units 


1 chamber for every three adjoining 
ovens in battery with 2 or 3 
boilers in use, plus 1 spare 


Immediately in front of ovens (coke 
side) for full length of battery 
Refractory brickwork with cast 

iron sole plates 


Through louvre-type floor 


Direct from oven coke guides into 
top of cooling chamber 


None 


Sliding discharge on to conveyor 
belt controlled by finger gates on 
mobile coke guide running over 
conveyor 


None required 


Not uniform, but slightly hotter at 
top of container than at bottom, 
and probably 350-250°C. ‘Hot 
spots’ through uneven gas distri- 
bution in non-uniform material 
may occasionally occur 


Variable, from about 700°C. at 
start to about 300°C. at end of 
cooling cycle. Time of cycle 
rather less than } of carbonizing 
time, i.e., about 5 hr. 


Fairly constant, about 500-550° C., 
as gas from all chambers enters 
common duct 


Isolating valves required for each 
chamber on both inlet and outlet 
sides, the inlet valves being used 
to regulate the flow. Isolating 
dampers are required for each 
boiler 


Lifting door on top of cooling 
chamber, usually sand-sealed, 
and operated by mechanism on 
coke side-door machine 


Mechanicaliy sealed plug-type 
hinged or lifting door on front of 
chamber 

None required 


Dust accumulates in common hot 
gas duct and has to be cleaned 
out at intervals 
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Bunker Plant oe) 


Type of Plant: (as in Fig. 2 


Unit Chamber Plant (Sulzer 
(as in Fig. 3) 


Multiple Chamber Plant (Collin 
(as in Fig. 4) 





Restrictions imposed by major 
maintenance to cooling plant: 
(a) Cooling chamber and aux- 

iliaries mission 

A spare fan is provided in some 
plants, or if of sufficient capacity, 
and with connections provided, 
one fan can circulate gas to both 
units. Otherwise a unit is out of 


b) Circulating fan 


7 . commission 
(c) Boiler cleaning and in- One complete unit out of com- 
spection mission 


Restrictions imposed on cooling Cooling-plant wharf capacity about 
plant by coke-conveyor main- 2 ovens only. In the event of 
tenance prearranged stoppages coke 

could be drawn from bunker 
before schedule to give room for 
about 2 more ovens without un- 
due loss of heat 


Restrictions imposed on coke- None. Cooling plant can be by- 
oven plant by cooling plant passed and the coke wet quenched 
in the coke car 


One complete unit out of com- } 


| One complete unit out of com- | 


| 
| 


mission but standby unit usually 4 


provided 


None, other than occur on the ovens 
with normal wet quenching. The 
coke wharf can be any reasonable 
length, and cooled coke dis- 
charged at any point along it 


The cooling plant can be by-passed, 
but the special coke containers 
are not suitable for wet quench- 
ing. A standard coke car would 
be required to maintain oven 
operation if all the coke made 
cannot be passed through the 
plant, or alternatively the hot 
coke would be wet quenched on 
the wharf 


| 
| 


(Plant apart from chamber con- 


cerned kept in commission. Pro- 
longed repairs to one chamber 
necessitate the 3 ovens which it 
serves being taken off schedule. 
In general none, as spare fan and 
boiler unit are incorporated 


| In general none 


Coke cannot be discharged from 
cooling chambers 


The cooling plant cannot be by- 
passed 





In all cases there will be the additional cost of 
foundations, which will naturally vary according to 
local conditions, but are tentatively estimated to 
average 5%, of the cost in both the chamber plants 
and 10% of the cost with the bunker plant. 


RUNNING COSTS OF DRY-COOLING PLANTS 


Fairly detailed costs of the Sulzer bunker-type 
dry-cooling plant at Dagenham have been published 
(Pearson’). These are reproduced in Table IV, to- 
gether with the cost per 1000 Ib. of steam. 
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Fig. 2—Flow diagram of Sulzer bunker-type 
cooling plant 
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Fig. 3—Diagrammatic arrangement of chamber-type 
coke cooler with fire-tube boiler 
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Fig. 4—Diagram of Collin coke-cooling chamber 
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Table III 
CAPITAL COSTS OF DRY-COOLING PLANTS 
7 Plant Angee Price, 
Sulzer chamber 
750 3 units +- 1 standby, 5 coke containers, 1 carriage 170,000§ 
1000 4 units -- 1 standby, 6 coke containers, 1 carriage 205,000 
1500* 6 units —-- 1 standby, 8 coke containers, 1 carriage 275,000 
1500+ 6 units —-- 2 standby, 9 coke containers, 2 carriages ... 335,000 
20007 8 units -- 2 standby, 11 coke containers, 2 carriages ... 405,000 
Sulzer bunker 
750 1 unit of 2 bunkers, at 375 tons/day each, 1 coke car 140,000 
1000 1 unit of 2 bunkers, at 500 tons/day each, 1 coke car 170,000 
1000 1 unit of 3 bunkers, at 350 tons/day each, 1 coke car 200,000 
1500* 1 unit of 3 bunkers, at 500 tons/day each, 1 coke car 240,000 
15007; 2 units of 2 bunkers, at 375 tons/day each, 2 coke cars 280,000 
2000+ 2 units of 2 bunkers, at 500 tons/day each, 2 coke cars 340,000 
20007 2 units of 3 bunkers, at 350 tons/day each, 2 coke cars 400,000 
Collin 
750 1 chamber for each three ovens in battery: 2 boilers and 1 spare 
1000 3 4s re oe as 
1500 a hoy — t 
2000 Bimeiss oe 











* Single battery operation 
+ Double battery operation 
} Probably of the same order as the Sulzer plants 
§ These figures should be increased by about 5°, to allow for a wages award made since the paper was written 


Table IV 


RUNNING COSTS OF BUNKER-TYPE COOLING 


PLANT 

















Average Costs, Jan.-Sept., 1946 
Per Month Per 1000 Ib. Steam, 
£& s. d. pence 
Depreciation 150 10 4 2:10 
Operating labour 399 2 7 5-56 
Maintenance (including 
annual inspection of 
boilers) 98 6 0 1-37 
Electric power 198 13 4 2-76 
Water 260 8 0 3-63 
General expenses 
(supervision, electri- 
cal, etc.) 80 18 8 1-12 
Insurance and taxes 15 12 11 0-22 
1203 11 10 16-76 








Average monthly steam production 
Average monthly coke production 


17,325,960 Ib. 
17,340 tons 








Depreciation 

The figure given in Table IV represents an annual 
charge of less than 4% of the capital cost (approx. 
£50,000 exclusive of coke cars, etc., when erected in 


1933) and is probably lower than the majority of 


works would deem advisable for capital charges. 

Methods of writing-off plants vary considerably 
from works to works, but in many cases a sinking 
fund is formed by making a fixed annual investment 
which accumulates at compound interest to yield the 
original capital sum after a period of N years. This 
period is necessarily fixed in a somewhat arbitrary 
manner, and, in the case of a coke-cooling plant, would 
normally be the same period as for the coke-oven 
battery if erected at the same time. To this sinking- 
fund investment is generally added the interest 
payable on the capital invested in the plant, and 
which will be at a somewhat higher rate than can be 
obtained from a redeemable sinking fund. 

In the majority of works the expected life of the 
coke-oven plant is assumed at 20 yr., but in some 
cases this may be reduced to 15 yr. or increased to 











= 82% of desi io a : a 
road eg 25 yr., the figure in all cases being somewhat arbitrary. 
Average steam raised per ton of coke 994 Ib. The annual payments per cent of capital investments 
are set out in Table VY for a number of conditions, 
Table V 
ANNUAL PERCENTAGE OF SINKING FUND AND INTEREST CHARGES 
Amortization Period: 15 yr. | 20 yr. | 25 yr. 

Interest on capital 3:00 4-00 5-00 3:00 4:00 5-00 3:00 4:00 5-00 

Sinking fund investment 5-78 5:38 4-99 4:12 3:72 3:36 3:12 2:74 2-40 

Total 8-78 9:38 9:99 7:12, 7:72 8:36 6:12 6:74 7:40 
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based on amortization periods of 15, 20, and 25 years, 
and assuming that interest obtained on the sinking 
fund investment is 1% less than the interest payable 
on capital. 

Charges for general works administration and 
expenses may be based either on capital cost or labour 
charges and, if the former, may be included in capital 
charges. 


Operating Labour 

The Dagenham dry-cooling plant is operated by 

three men each shift : 

(a) a boilerman 

(6) a coke-container operator 

(c) a coke-wharf operator. 
This labour force will be virtually the same for 
any two-unit bunker plant whatever the capacity 
and throughput. 

As a shift coke-wharf operator is required in the 
wet quenching of coke only two operators, (a) and 
(b), are required to augment the normal coke-oven 
crew. Although occasional wet quenching will be 
necessary even when dry-cooling plants are installed, 
the battery coke wharf will generally be erected close 
to the cooling-plant coke wharf in order to use the 
same coke conveyor to the screens, and can be con- 
trolled by the same operator. 

For the Sulzer unit-chamber plant, again two extra 
men per shift will normally be required, one boilerman 
and one operator for the chamber doors, etc. The 
actual charging and discharging of the chambers, and 
the discharging of the coke on the wharf are performed 
by the coke-car operator. 

In the Collin plant the additional labour required 
is essentially only one boilerman per shift, as the 
charging doors will be operated by the coke side-door 
machineman, and the discharge doors will be operated 
by the normal coke-wharf and conveyor operator. 
Additional labour may be required if the coke has to 
be water sprayed on the conveyor. Spillage on the 
coke side of the oven and on the conveyor belt may 
be greater than usual, but should not necessitate 
labourers additional to those already employed for 
wet quenching. 


Maintenance 

Maintenance is dependent to a large extent on local 
conditions as well as on plant characteristics, and it 
is seldom that similar plants in different works will 
varry the same maintenance charges. It is therefore 
only possible here to express an opinion on the order 
of magnitude of this item, but it is hoped that 
sufficient information may be given to enable the 
individual works’ engineers to make more accurate 
assessments by analogy with similar equipment else- 
where in the works. 

In general, maintenance is considered in two 
categories, current and deferred, the latter being 
essentially major repairs which occur at more or less 
regular intervals. Although this system is not adopted 
in all works it has the advantage that the cost of these 
major items is spread over a suitable number of cost 
periods, thus avoiding violent fluctuations in the total 
cost of the operation. 
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Current maintenance includes : 

(i) Maintenance of structure, including gas ducting, 
in order to prevent air admission 

(ii) Maintenance of motors and machinery. 
Deferred maintenance includes : 

(i) Cleaning and inspection of boilers, including 
renewal of tubes in boilers, preheaters, and super- 
heaters if used 

(ii) Reblading of circulating gas fans 

(iii) Relining of coke-cooling chambers, or, in the 
Sulzer unit-chamber plant, renewal of the special 
containers. 

Maintenance over and above fair wear and tear 
is required because of thermal stresses set up in the 
system, abrasion by the coke and coke dust, and, if 
the temperature of the circulating gas falls below the 
dew point, corrosion by oxides of sulphur. Provided 
there is a high standard of maintenance and operation, 
equal to that of the coke-oven battery and by-product 
plant, danger of damage by explosion appears to be 
exceptionally small. 

Current maintenance of a bunker-type cooling plant 
is estimated as being of the order of 1°% of the present 
capital cost of the plant. This is close to the figure 
given in Table [V for Dagenham, where it is under- 
stood that a deferred maintenance cost is not adopted, 
and, although the cost of the annual boiler inspection 
is included, no major repairs were undertaken during 
the period reviewed. It is assumed that, as at Dagen- 
ham, the full-time services of a day-shift fitter will 
be employed. 

A tentative estimate of deferred maintenance for 
major repairs is a further 1%/yr. of the capital cost. 
Costs of the boiler repairs should be comparable with 
those of other waste-heat boilers in the works. 
Although at one period at Dagenham it was felt that 
undue abrasion of the boiler tubes and preheater tubes 
was occurring, owing to an increase in the quantity 
of fine coke dust following a deterioration in the 
quality of the coking coal, doubts have subsequently 
been expressed whether this was in fact appreciable. 
In any case the installation of a butterfly damper in 
the ducting, to stop gas circulation during the actual 
charging of the bunkers, has so reduced the amount 
of dust carried forward that no further trouble has 
been experienced from this cause. The use of steam 
superheaters was discontinued’ in the early days of 
operation at Dagenham, but more on account of 
peculiarities in the water supply than of any short- 
comings in the plant. 

It has been found that a fan required reblading 
after two or three years’ operation, while the coke 
containers have each been relined once, after 10 yr. 
operation. During most of this period the coke was 
made from a blend of Durham and Welsh coals, and 
had a 2-in. shatter index of about 85 and a }-in. index 
of 99, and it appears unlikely that wear of the lining 
through abrasion would be any greater in other plants 
(the specification of the Blast-Furnace Practice Com- 
mittee (stated by G. Elliot at a Conference in 1947) 
calls for a minimum 1}-in. index of 85 and a minimum 
}-in. index of 97). A long lining life will, however, 
probably depend to a large extent on the avoidance 
of rapid temperature changes due to irregular plant 
operation. Assuming that a coke cooling plant will 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





110 


be written off in 20 years, provision for one relining 
of the cooling bunkers should be adequate. 
Sufficient plants have not been erected for all the 
constructional details to have been perfected to suit 
the operation, and in many cases the users may find 
it necessary to make modifications to the plant. This 
will come in the same category as maintenance, and it 
is suggested that a further 10%/yr. of the capital cost 
should be provided for such contingencies, bringing 
total maintenance for a bunker-type plant to 3%/yr. 
Maintenance of the unit-chamber and multiple- 
chamber plant might be expected to be of the same 
order as that of the bunker-type plants, because, 
although simpler, there is a greater temperature 
change in the systems, which would particularly af- 
fect the refractory chambers of the Collin plant. In the 
Sulzer unit-chamber plant the coke is retained during 
the whole of the cooling cycle in a special container 
of steel and cast iron construction, although undue 
overheating of the latter is no doubt prevented by 
the circulation of the cooling gas through the double 
container walls, when used with a fire-tube boiler, and 
by the close proximity of the boiler tubes, when used 
with a water-tube boiler. In both chamber plants 
the relatively large side doors, which must be mechani- 
cally sealed, are subject to the same temperature 
fluctuations. In these plants, however, there is no 


coke hoist to be maintained, but maintenance of 


fans, ducts, and boilers should be comparable with 
that of the bunker-type plant. 


Electric Power 

For the bunker-type plant the electricity consump- 
tion (Dagenham) is approximately 4 kWh. /ton of coke, 
the principal consuming units being the circulating- 
gas fans, dust-extraction fans, and dust-valve motors, 
which are in continuous operation. Motors for the 
skip and lid hoists are in intermittent use. At Dagen- 
ham steam pumps are used for the boiler feed water, 
and the coke discharge doors are operated pneu- 
matically. 

For the other types of plant approximately the 
same quantity of heat is transferred from the coke, 
but the gas leaves the cooling chamber at a lower 
average temperature, and the quantity circulated will 
be somewhat greater. Power consumption will be 
somewhat higher, particularly in the multiple-chamber 
system where the pressure drops will be greater. 


Water 

Unless auxiliary water sprays are required to reduce 
dust troubles or to complete the cooling of coke, the 
cost of water will depend on the quantity of treated 
water supplied to the boiler. On the basis that 
1000 lb. of steam are obtained, on the average, for 
each ton of coke cooled, this quantity will be 100 
gal./ton, plus any additional amount found necessary 
for blowdown. This latter quantity will deperid on 
the local conditions, but will be the same for all 
boilers using the same feed water. At Dagenham the 
total used is approximately 120 gal./1000 lb. of steam, 
and is probably higher than the average. 

The cost of treated water also varies considerably 
throughout the country, and the appropriate figures 
must be inserted by individual works. 
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General Expenses 

Departmental charges for supervision, clerical work 
etc., are substantially independent of plant through- 
put and capacity. In Table IV they approximate t« 
20%, of the operating labour cost, and this is probably 
typical of most works and plants. 
Insurance and Taxes 

This charge in Table IV is very close to 0-3% of 
the original capital cost, a figure commonly adopted 
in industrial plants, where it is often added to the 
overhead and capital charges. 


ESTIMATES OF RUNNING COSTS 
BUNKER PLANTS 

On the basis of these notes it is possible to estimate 
the total costs of operating Sulzer bunker plants, 
designed for various daily throughputs of coke. I[t will 
be assumed that the coke ovens are designed for the 
same outputs, and that the steam raised will be 
1000 Ib. at 180 lb./sq. in. pressure per ton of coke 
cooled. 

As already discussed, however, changes in require- 
ments, or operating delays in the coke-oven plant, 
coke-cooling plant, and coke-handling systems may 
make it impracticable to operate the cooling plant 
at its designed throughput, and in Table VI the cost 
of steam raised in the dry-cooling plant has been 
estimated for the cases when 100, 90, 80, and 70% of 
the design capacity is being utilized, making arbitrary 
estimates of the rates per unit of the various items 
in the cost analysis, but which can be modified to 
suit local conditions. 

The major items in this estimate are the capital 
charges and overheads, and if, as is the case in 
many works, these are raised to 15%/yr., a different 
picture is obtained, particularly at low throughputs. 

For fuel-fired boilers, the fuel is the major item of 
the steam cost, unless exceptionally cheap sources otf 
fuel are available. Taking a reasonable average 
requirement of 16 therms per 1000 lb. of steam, the 
cost of the fuel at 2d. per therm will be 32d., and the 
total cost is likely to be in the neighbourhood of 
40d. per 1000 lb. of steam, with which Table VI 
compares favourably. 

Nevertheless the return on investment, even at 
maximum operating capacity, is not large, and it 
may not be a sufficient incentive to potential users, 
particularly when compared with waste-heat boilers 
operating in conjunction with furnace waste gas. 
The major part of the cost of dry-cooling plants lies 
in the cooling chambers, where the heat is extracted 
from the coke, and not in the boilers, where it is again 
extracted from the gas. It follows therefore, that 
unless dry-cooled coke has a premium value over wet- 
quenched coke a better financial return will be 
obtained by utilizing an equivalent source of waste 
heat from a fuel-fired furnace, when only the boiler 
plant, fan, and ducting will be required. In an inde- 
pendent regenerative coke-oven plant there is no such 
alternative source, but there may well be a number of 
possibilities in the wider field of a fully integrated 
works. 

It must also be remembered that fuel-fired boilers 
have a wide range of flexibility, and can be loaded 
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Table VI 
ESTIMATED COST OF STEAM FROM BUNKER-TYPE COOLING PLANTS. (1 UNIT OF 2 BUNKERS 
Rated throughput of coke, tons/day 750 1000 
Approximate capital cost, exclusive of foundations . £140,000 £170,000 
Average throughput of coke, tons/day 750 675 600 525) 1000 900 800 700 
Capital cost, tons of coke/yr., pence 123. 136 153 175 112 124 140 160 
Capital, Cost per 1000 |Ib. steam, pence 
Capital charges and overheads :* lyr. 
Interest, assume _.. ; ; 4-0 
Sinking fund, assume 20 years ‘at 3% yr. 3°7 
Insurance, rates and taxes, assume 0:3 
General works expense, assume 2-0 | 
10-0 j 12-3 13-6 15:3 17-5 | 11-2 12-4 14-0 16-0 
Operating labour, maximum 3 men per shift, assume e 30 - | | 
per man including insurance, etc. | 4-2 48 5:4 6:2 3-2 3:6 4:1 4-6 
General departmental expenses, assume 20%, of operating | 
labour as .| @9 1:0 1-4 1:2] 06 0-7 08 06-9 
Maintenance. ‘Current,’ assume 1% of capital/ yr. 7 . 
‘ Deferred,’ cee. gue Las sa > “| 3°7 41 4-6 5-2 3-4 37 42 4:8 
Contingencies ; -s 
Electric power, 4 kWh./ton, assume at 0- 8d. kWh. = 32 32 3:2 3:2} 3:2 3:2 3:2 3:2 
Water, assume 110 gal. 1000 Ib. steam at Is. 6d./1000 gal. 20 20 20 2:0] 2:0 20 2:0 2:0 
Total cost 4 26:4 28:7 31:6 35:3 | 23:6 25:6 28-3 31-5 
Return on investment, °%: 
(a) with steam credit assumed 36d./1000 Ib. 7-8 54 29 0-4/]11-1 8-4 55 2-8 
(b) 4, ” ” ” 40d./1000 Ib. 11-0 8-4 5-5 2:7] 14:6 11:6 8-4 5-3 

















* The rates in this column must of necessity be arbitrary 


to suit the steam demand, whereas there is little 
flexibility in any waste-heat boiler unless auxiliary 
firing is adopted, or unless steam accumulators are 


incorporated at additional cost and at the expense of 
Auxiliary firing of 


reduced pressure and superheat. 
the cooling-plant boilers has been considered by the 
manufacturers, but the added complications do not 
make it, as yet, a practicable proposition. 

Waste-heat boilers in general tend to be limited to 
operating pressures of the order of 200 Ib./sq. in 
whereas the present tendency is to operate fuel-fired 
boilers in the range of 450- 650 Ib. /sq. in. In conse- 
quence it is not possible to. make a rigid comparison 
of the respective costs of steam without considering 
the useful work that can be obtained. 

This analysis, moreover, does not necessarily present 
the complete picture, for there are other factors which 
are more difficult to assess financially on a general 
basis. 


FACTORS AFFECTING THE NET COST OF 
DRY-COOLING PLANTS 

Yield and Value of Coke 

The gross yield of blast-furnace coke, nuts, and 
breeze from dry cooling is less than that from wet 
quenching because of the moisture present in the 
latter case. This point is of little significance in an 
integrated works, and in general will only have to be 
considered in connection with external sales of coke 
nuts. The dry coke, however, can be subsequently 
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sprayed with water to lay the dust and to obtain any 
desired moisture content, and it can be assumed, if the 
dry material does not command a higher price than 
the wet coke, that its weight will be increased to the 
normal value by this means. 

Due to breakage in the bunker plant the yield of 
blast-furnace coke is decreased and the yield of breeze 
(0- in.) is increased. As the breeze is dry, however, 
screening is more efficient, and a proportion of it can 
be recovered as small coke nuts at an enhanced value. 

This point is further discussed on pp. 112-114, but 
as a first approximation the closely screened breeze 
(0-1} in.) from the bunker plant will be equal in 
quantity to the breeze (0-3 in.) normally obtained 
from the coke-oven screens after wet quenching. 
The fraction } in. to $ in. supplements the yield of 
coke nuts, the credit value of which may not be much 
different from that of blast-furnace coke. 


Cost of Operation of Coke-Oven Plant 

The normal coke-oven costs are affected for several 
reasons. 

(a) Cost of water for quenching, maintenance of 
quencher pumps, and cleaning of quencher pond 
and tanks are reduced. 

The authors feel that facilities for wet quenching 
should be retained in order to ensure maximum 
continuity of the coke-oven battery operation, and 
therefore there may be little or no reduction in new 
coke-oven plant capital charges on account of this 
item. 
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The minimum requirements for emergency wet 
quenching with the bunker plant must of necessity 
be somewhat dependent on local conditions, for the 
relatively elaborate system in modern use is not 
merely to obtain adequate control of the moisture 
content of the coke, a point which in occasional 
emergencies is not of supreme importance, but also 
to reduce the inconvenience and possible danger or 
damage from the steam and boiling spray liberated 
during the quenching. In certain instances it will 
no doubt be possible, as at Dagenham, to do without 
a quenching tower, but a settling pond will be essential. 
fither a water tank or a system of pumps and spray 
pipes must be provided to supply the quenching 
water, and a coke wharf will be required on which to 
discharge the quenched coke. It seems to be unlikely 
that the capacity of this wharf can be reduced below 
that normally used, for this wharf has to provide coke 
storage in the event of conveyor-belt breakdown and 
maintenance. Under such conditions adequate stand- 
by cooling capacity is no solution, for coke cannot be 
withdrawn from the cooling chambers, and it is not 
recommended that hot coke be charged to an empty 
bunker. 

(b) Maintenance of the coke car and track, due 
to the combined action of heat and water, usually 
acidified by sulphur pick-up from the coke, is 
reduced. At Dagenham, after 12 years’ operation, 
only the wearing plates of one of the two cars have 
been renewed, the chassis and framework being 
unchanged. 

As the spray from wet-quenching towers is 
distributed over a wide area, accelerated corrosion 
of exposed steelwork outside the coke-oven plant 
is often experienced. 

(c) Maintenance of coke-conveyor belts may be 
increased if the temperature of the coke is too high, 
the normal life at Dagenham being from 350,000 to 
500,000 tons of coke, according to quality of the 
belting. In general this should only affect the 
conveyor from the Sulzer plant coke wharf to the 
screens, as beyond that point the coke, if not 
already cooled sufficiently by the air, can be sprayed 
with water without detriment to screening efficiency. 

(d) Although every attempt is made to remove 
the fine dry coke dust by installing dust extraction 
systems over the discharge wharfs and at the 
screens, this cannot be done completely, and when- 
ever the coke is disturbed there is a dust nuisance. 
There is always the risk that this dust may work 
its way into bearings, etc., and cause increased 
wear, but it mainly affects the cleanliness of the 
plant. Considerable quantities of coke dust are, 
however, discharged into the atmosphere whenever 
an oven is pushed and it is doubtful whether the 
extra quantity of dust escaping the dust extractors 
adds appreciably to this. It must also be remem- 
bered that, when wet quenching the coke, a con- 
siderable quantity of dust is carried away with the 
steam and spray and is distributed over a wide area. 


Cost of Fuel-Fired Boiler Steam 


As steam will generally be required whether the 
coke-cooling plant is in operation or not, adequate 
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standby boiler capacity must be available. It ad- 
ditional boilers have to be provided this results in 
increased capital charges and overheads for fuel-fired 
boiler steam, but if the demand is within the overload 
capacity of existing boilers it may only result in a 
slight increase in cost during the emergency due to 
higher fuel consumption and drop in efficiency. 

This standby steam will be required, not only in 
the event of failure of the cooling plant itself, but also 
when serious delays occur in the battery operation. 
In the latter case, as there is a reserve of hot coke in 
the cooling plant, steam generation from the waste- 
heat boilers will not stop instantaneously, and when 
pushing operations are resumed will not be imimed- 
iately raised to the normal rate. 


Disposal of Effluent Liquor 

At the majority of coke-oven plants the toxic 
effluent liquor can be diluted with non-toxic industrial 
waste water from various sources to such an extent 
that it may be safely discharged into local sewage 
systems or tidal waters. A few works, however, are 
unable to do this, and in these it is the practice to 
dispose of the effluent by quenching the coke, when 
the water and volatile organic impurities are dispersed 
to the atmosphere as steam and vapours accompanied 
by spray, and a considerable amount of the inorganic 
salts are deposited on the coke, ultimately to combine 
with the slag in the blast-furnaces. 

There are serious objections to this method, 
particularly because of the enhanced corrosion that 
results in the coke car, coke-car track, and to some 
extent the surrounding plant, the effects in some cases 
being felt in the blast-furnace plant itself. Neverthe- 
less, no more economic solution has yet been found, 
for, although the fuel consumption of multi-stage 
evaporators is not unduly high, the corrosion of the 
plant, even if made of stainless steels, is serious. 

The problem of disposing of either a solid residue 
or a concentrated solution still remains and until a 
more suitable method has been evolved it is not 
visualized that a coke-oven plant, at present disposing 
of the effluent by quenching the coke, could afford 
to erect a dry-cooling plant for more than half its 
coke production. 


COKE SIZE AND QUALITY 


Although it might be expected that wet quenching 
hot coke would reduce its size and strength because 
of spalling by thermal shock and through the forma- 
tion of incipient cracks by the rapid generation of 
steam within the pores, such work as has been 
published does not support this view when the only 
variable is the quenching medium. 

Tests made by the Northern Coke Research Com- 
mittee? on Durham cokes from the same oven, 
quenched in part by water and in part by cooling 
in air-tight drums, showed that there was no signifi- 
cant difference in the screen analysis, shatter index, 
and other physical and chemical properties of the two 
portions. The circulation of gas during the cooling 
period would not be expected to influence the size or 
strength of the coke, and in consequence these factors 
will be determined mainly by the mechanical treat- 
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ment received by the coke during its cooling or 
quenching. 

The treatment given to the coke during charging, 
cooling, and discharging from the cooling plants is 
detailed in Table II ; for comparison, the correspond- 
ing treatment during wet quenching is : 

(a) Drop from ovens into coke car 
(6b) Sliding discharge from coke car to coke wharf 
(c) Sliding discharge from coke wharf on to conveyor. 

Breakage should be least with the multiple-chamber 
plant, very slightly higher with either the unit- 
chamber plant or wet quenching, and considerably 
higher with the bunker plant. Figures given by 
Pearson’ for the screen analyses of cokes cooled in 
the bunker-type plant, and for wet-quenched cokes, 
respectively, are given in Table VII. 

The quantity of breeze from the dry-cooling plant 
in 1946 is given as 13-6%, of which 40% is below } in. 

That the amount of handling and not the method 
of cooling was responsible for the different screen 
analyses was demonstrated by Beebee* on the Sulzer 
bunker-type cooling plant of the Rochester Gas and 
Electricity Corporation, Rochester, N.Y. Over a 
period, half of the coke was dry cooled in one of the 
units in the usual way, while half was wet quenched 
and then passed through the second bunker. The 
screen analyses are given in Table VIII. 

Although these tests were carried out on high- 
volatile gas coals it is reported in the same paper 
that similar tests were carried out on a number of 
special coal blends supplied by the Koppers Co., and 
in all cases the two treatments resulted in substantially 
the same screen analyses. 

It has also been shown (Mott and Wheeler) that 
the more the coke is handled, the higher becomes the 
shatter index of the remaining oversize material, with 
the corollary that the percentages of undersize formed 
during successive drops steadily decreases. 

In consequence, if the coke is screened on 1} in. at 
the coke ovens, the initial yield of blast-furnace coke 
is lower when using bunker-type dry coolers than 
when wet quenching, but after the coke has passed 
through the blast-furnace bins it follows that the 
percentage of fines in the wet-quenched coke will be 
greater than in the dry-cooled coke. Further re- 
screening after the bins would necessarily give ulti- 
mate yields of + 1}-in. coke that are closer than 
those suggested by Table VII. 


Table VII 


SCREEN ANALYSES OF COKES FROM BUNKER- 
TYPE COOLERS AND WET QUENCHING 
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It must be noted that this difference in yield at 
the oven screens refers only to the bunker type of 
coolers. There is no evidence that with the batch- 
cooling processes there is any difference in yield 
between wet quenching and dry cooling other than 
is accounted for by the presence of moisture in the 
former. 

By careful control of wet quenching, the moisture 
content of the large coke can be kept below 3%, 
the residual heat in the lumps being sufficient to 
evaporate the bulk of the moisture retained in the 
surface pores when the coke is spread on the coke 
wharf. This, however, is not the case with the small 
coke and breeze, and in consequence coke nuts 
(2 inl} in.) and breeze (0-3 in.) have moisture 
contents of the order of 5-6%, and 12-15%, respec- 
tively. This high moisture content reduces the 
efficiency of screening, due to balling of the fines and 
clogging of the screens, while there is a tendency for 
moist dust to adhere to the larger coke and pass over 
the screens. With dry-cooled coke, on the other hand, 
the screens run freely, and the breeze can be further 
rescreened into fractions, e.g., 0—} in. and } in.—3 in., 
the latter having a higher credit value equal to that 
of the coke nuts. 

This improved screening is of particular interest to 
the iron and steel industry, for the breeze, once 
largely a waste product or an inferior boiler fuel, is 
extensively used in the manufacture of sinter, and the 
dry uniform material can be more readily and effi- 
ciently mixed with the ore fines, flue dust, etc., than 
can wet breeze containing coarse pieces up to @ in. 

The efficiency of the blast-furnace is not apparently 
affected by the presence of 2-3°, of surface moisture 
on the coke, as this is evaporated by the sensible heat 
in the stack gas, which would otherwise leave at a 
higher temperature. The dew point of the gas will 
be raised, however, and this may have some influence 
on dry-cleaning plants. 

There is no evidence that dry cooling causes any 
appreciable change in the analysis of the coke as 
compared with wet quenching, but it is possible that 
there may be a change in the surface activity caused 
by maintaining the coke at a high temperature in a 
stream of essentially nitrogen and carbon dioxide. 
This phenomenon certainly occurs when CO, and N, 
are passed separately over crushed coke at 950° C., 


Table VIII 


SCREEN ANALYSES OF WET-QUENCHED AND 
DRY-COOLED COKE LEAVING BUNKER PLANT 



































75% Durham Wet Quenched and 
25°, Welsh Durham Dry Cooled Passed Through 
(1936) (1946) Bunker 
Coal Blend Screen 

Dry Wet Dry Wet Percentage |Cumulative| Percentage | Cumulative 
Cooled | Quenched | Cooled | Quenched of Total | Percentage} of Total | Percentage 

Total screen Over 4 in. 0:92 0-92 1-09 1-09 

analysis on: 3 in.-4 in. 7°27 8-19 7-26 8-35 

4 in. 21-5 49-3 27 32 2 in.-3 in. 31-70 39-89 31-90 40-25 

3 in. 47-1 75-4 50 60 1 in.-2 in. 41-90 81-79 42-00 82-25 

2 in. 72:6 89-1 75 82 4 in.—1 in. 9-70 91-49 8-72 90-97 

1} in. 82-5 7 84 90 Below } in. 8-48 99 -97 8-79 99-76 
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Table IX 
COMPARISON OF DRY-COOLED AND WET- 
QUENCHED COKE RATES 
Dry 
Cooling Wet Quenching 

Blast-furnace coke rate, 

Ib./ton basic iron 1646 1828 (3% moisture) 

== 1773 (dry) 

Blast-furnace coke yield, 

percentage of total coke 

(estimated) 89-7 93-6 
Total run of oven coke, 

Ib./ton of iron 1835 1894 
Total coal carbonized, Ib./ 

ton of iron (assuming 

76% yield of total dry 

coke) 2415 2492 
Nuts and breeze screened 

at ovens, Ib./ton of iron 189 121 


(the change from Reactivity I to Reactivity III and 
Reactivity LI, respectively, of Jones, King, and 
Sinnatt,®) and preliminary tests carried out by the 
British Iron and Steel Research Association, Iron 
Making Division,* on samples of wet-quenched and 
dry-cooled coke from Dagenham, showed reactivity 
values of 160 and 88, respectively. Although the 
reactivity might be expected to affect the carbon 
solution loss in a blast-furnace, no direct correlation 
with blast-furnace performance has been found. Some 
observers, however, have reported that dry-cooled 
coke is less readily ignited than wet-quenched coke. 

It is not within the scope of this report to discuss 
the factors which influence the blast-furnace coke 
requirements per ton of iron, but in view of the claims 
put forward by Pearson® that dry-cooled coke im- 
proves the performance and coke rate of the furnace, 
and also reduces the coking-coal requirements, it is 
pertinent to raise the following points : 


(a) It is generally agreed by furnace operators 
that small coke and breeze are of no use in the 
blast-furnace, and even have an adverse effect on 
the rate of drive through reduction of voidage. In 
spite of this it is not yet general practice to rescreen 
the coke after the furnace bins. 

(b) Pearson gives comparisons of coke rates, per 
ton of basic iron, of 1646 lb. of dry-cooled coke at 
Dagenham and 1828 lb. of wet-quenched coke, 
assumed to contain 3% of moisture, at Colvilles. 
The furnaces being of the same design and capacity, 
and the burdens being said to be similar, he 
calculated that if he had been using wet coke at a 
rate equal to that of Colvilles he would have 
required 12,064 more tons of coke per year, equiva- 
lent to 15,444 more tons of coking coal. 

This conversion is apparently based on 100 tons 
of coal yielding approximately 78 tons of wet coke, 
which is the run-of-oven coke yield at Dagenham. 
The use of the blast-furnace coke yield would give 
a still higher figure for coking-coal requirements. ~ 

No indication is given in Pearson’s paper regarding 
the actual yield of blast-furnace coke, which in the 
light of the above discussion is unlikely to be the 
same when wet quenching as when dry cooling, and 
the use of which would then give a different result. 





* Private communication from H. L. Saunders, 1948. 
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Although Pearson states that he does not think all 
of the difference in coke rates is due to dry cooling, 
it is reasonable to infer that, if at Dagenham the coke 
were wet quenched, all other conditions being un- 
changed, the estimated coke rate would be of the 
same order as that of Colvilles. 

A comparison of the screen analyses of Durham 
coke in Table VII shows that the ratio of the yields 
on 1} in. is practically identical with the ratio of the 
coke rates after correcting for moisture, and the use 
of these yields would show no saving of coal. The 
yields on 1} in., the size that would actually be used, 
are not given, but may be reasonably estimated by 
assuming a normal size distribution law with which 
the yields on 4 in., 3 in., 2 in., and 1} in., closely 
agree. The effect of using these figures is shown in 
Table LX. 

It may be seen that, although the difference in the 
dry-furnace coke rates is 127 Ilb., the difference 
between the run-of-oven coke rates is only 59 Ib., 
which, in view of the assumptions made, may not be 
significant. 

The additional quantity of small coke screened out 
when dry cooling will, however, have a higher credit 
value for direct sale than if it is merely gasified in 
the blast-furnace, but it must be noted that the 
estimated yield of 10-3°% small coke and breeze is 
less than the 13-6°% of breeze below § in. actually 
obtained. 


THE INFLUENCE OF COKE-COOLING 
PLANTS ON THE FUEL AND POWER 
BALANCE OF INTEGRATED WORKS 


FUEL BALANCE 


The questions must be raised as to the quantity 
and nature of the fuel that will be saved if dry cooling 
is adopted or, more strictly, that would be required 
to raise an equivalent quantity of steam. 

On the average, about 16 therms are required to 
raise 1000 lb. of steam in fuel-fired boilers, but the 
fuel will not generally be coal, as commonly stated, 
but blast-furnace gas. The relative quantities of 
fuels, on a thermal basis, used in fuel-fired boilers in 
five fully integrated works are given in Table X. 

A considerable proportion of the boiler fuels, other 
than blast-furnace gas, is used at periods when, 
owing to unavoidable irregularities in the blast- 
furnace operation, insufficient blast-furnace gas is 
available. As a first approximation the fuel released 


Table X 


RELATIVE QUANTITIES OF FUELS USED IN 
BOILERS IN INTEGRATED WORKS 


Percentages of Total Therms 








Works Ataieisis a 
Blast-furnace gas, % | 72 | 87 | 80 | 67 | 74 76 
Coal, % 10}... | 10 | 2] 20 8 
Coke breeze, % 61... so 1s 2 a 
Coke-oven gas, % i 9%. 142] 4 5 
Pitch-creosote and Re oe a ae 4 

tar, % 
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Table XI 
ANNUAL RATES OF CONSUMPTION OF FUELS IN FIVE INTEGRATED WORKS (1946) 


Figures of coal carbonized in coke ovens and coke consumed in blast-furnace 














Annual Rate of Consumption 
Percentage of Total on 
Thermal Basis 
Fuel Quantity Therms 10-* 

Blast-furnace gas 304,928 cu. ft.« 10° 304-9 45-9 
Coke-oven gas 23,717 cu. ft. x 10° 118-6 17-8 
Coke breeze : wae 190,734 tons 49-6 7-5 
Pitch-creosote and tar 57,457 tons 20-7 3:1 
Coke (excluding B.F. coke) 10,432 tons 2:8 0-4 

4 74:7 
Producer coal ... ee as Eee 253,211 tons 70:9 10-7 
Other coal (excluding coal carbonized) 162,890 tons 44-0 6:6 
Purchased electricity ; See 237,671 kWh. 43-7 6-6 
Petroleum and diesel oil 23,347 tons 9-4 1-4 

25°3 

Total 664-6 100-0 

















through using a dry coke-cooling plant may be taken 
as 16,000 cu. ft. of blast-furnace gas per ton of coke 


cooled, equivalent to about 11,000 cu. ft. per ton of 


coal carbonized. 

Blast-furnace gas is a low-grade fuel which is 
not practicable to transport over long distances, and 
which must, in general, be consumed in the works 
where it is made. Being a by-product the assessment 
of its credit value is to some extent arbitrary, but is 
in most cases based on the thermal cost of boiler 
coal ; surplus gas which has to be bled to atmosphere 
because of the difficulty in storing large volumes has, 
of course, no credit value. 

The extent to which blast-furnace gas is already 
used is shown in Table XI, which details the total 
annual rate of consumption of the various fuels 


(exclusive of coal carbonized in coke ovens and of 


coke consumed in blast-furnaces) used in five fully 
integrated works. 

If all the coke produced at the coke ovens in these 
works had been dry-cooled, approximately 30,000 
million cu. ft./yr. of blast-furnace gas, or nearly 10%, 
of the total consumed, would have been saved. In 
practice, however, no saving would result unless this 
quantity could be used to replace, either directly or 
indirectly, one of the imported fuels, which, as shown 


in the lower half of Table XI, comprise only 25% of 


the total. As producer coal and petroleum oil are 
used almost exclusively in the open-hearth furnace, 
for which process the flame temperature of blast- 
furnace gas is too low, and 60%, of the ‘ other coal’ is 
used for locomotives, the remaining 40°, being used 
in boilers mainly during emergencies, it appears that 
direct replacement may be effected only of purchased 
electricity, meaning in most cases that the gas will 
still be used to raise steam but additional electric 
generators will have to be installed. 

Only about two thirds of the blast-furnace coke 
used in these five works is made in their own coke 
ovens. If no merchant coke were used, all the coke 
being made in their own ovens, the total blast-furnace 
gas make would be the same for the same iron 
production, but yields of coke-oven gas and coke 
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breeze would each be raised by 50%. In the case of 
coke-oven gas this would be more than 50% of the 
figures in Table XI because this is exclusive of the 
considerable quantities already sold to local authori- 
ties, and could enable much of the producer coal to 
be replaced. The blast-furnace gas ‘saved’ by dry 
cooling all the coke would be increased to 45,000 
million cu. ft./yr., but of this about 35,000 million 
cu. ft. could be used for underfiring the additional] 
coke ovens, leaving a surplus of 10,000 million cu. 
ft./yr., part of which could, no doubt, be used in 
conjunction with coke-oven gas. 

It may also be noted that no consideration has 
yet been given to the effect of any reduction in blast- 
furnace coke consumption. It is not considered 
justified to assume that the coking-coal requirements 
will be appreciably affected, but it is reasonable to 
assume that, in some instances at least, the rate of 
iron production can be maintained by screening out 
an additional 5% of small coke and only gasifying 
95% of the normal quantity. This means that the 
blast-furnace gas make will be reduced by approxi- 
mately 5%, and thus will provide an outlet for a 
considerable proportion of the gas saved by the dry- 
cooling boilers. 

It may be seen that under such conditions there 
would be very nearly a theoretical balance between 
works requirements and by-product fuels. Unfortu- 
nately, these figures show a long-term average, and 
do not take into consideration the unavoidable 
fluctuations in supply and demand. For maximum 
economy it should be necessary to use imported fuels 
when by-product fuel production is only at an average 
level, so that as the latter rises its use is still possible. 
It is apparent that it is impossible to make a general 
ruling, but that a close examination of the fuel balance 
is essential in every case, a further complication being 
in different working times in the various departments 
of different works. 

STEAM BALANCE 


The steam raised from the dry-cooling plant, 
approximately 1000 Ib. per ton of coke cooled, or 
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Table XII 


STEAM AND ELECTRICITY REQUIREMENTS OF COKE OVEN AND BY-PRODUCT PLANTS IN 
INTEGRATED WORKS 














Requirements A B ec D E ——* 
Per ton of coal carbonized: 
Steam, Ib. a ae 485 452 364 487 677 457 
Electricity, kWh. 12-65 9-95 10-0 9-9 9-8 10-2 
Percentage of total works demand: 
Steam... ee a mh, ‘ 6:6 12:3 12-3 14:0 14:0 11-3 
Electricity 3:1 3°8 9-4 7°5 5-9 5-2 























700 lb. per ton of coal carbonized, is rather more than 
the average quantity required to operate the coke- 
oven and by-product plant. Table XII gives, for the 
same five integrated works, the steam and electricity 
requirements of the coke-oven and by-product plant, 
expressed as units/ton of coal carbonized and _ per- 
centage of the total works demand, electricity being 
included. as certain units, such as exhausters and 
liquor pumps, may be operated by either steam or 
electricity. 

On the basis that to generate 1 kWh. of electricity 
requires from 12 to 15 lb. of steam, depending on 
pressure and superheat, the average total require- 
ment is about 600 lb. of steam per ton of coal car- 
bonized, a quantity slightly less than can be expected 
from the coke-cooling plant. If the steam raised from 
the cooling plant is used in the coke-oven plant, 
variations in the quantity of coal carbonized will have 
little or no effect on the steam demand of the re- 
mainder of the works. ‘ 

As mentioned earlier it is unusual to operate waste- 
heat boilers above 200 lb./sq. in. Such a pressure is 
adequate for many of the pumps used in the coke- 
oven and by-product plant, but is low for present-day 
turbo-exhausters, which will use up to 30%, of the 
plant’s requirements. This is, however, a factor which 
need only affect existing plants. 

This steam requirement is only slightly over 10%, 
of the works demand, and is well within the overload 
capacity of fuel-fired boilers. Provided steam mains 


Table XIII 


STEAM SUPPLY AND DEMAND PER 1000 LB./HR. 
OF FUEL-FIRED BOILER CAPACITY 














Integrated Works A B D E wae 
Normal works demand | 583|775|1008/|714! 740 
Maximum ,, rr 700 |955|1008|770| 8&0 
Normal evaporation 5 
Fuel-fired boilers 538|775| 8251572| 660 
Waste-heat boilers 45)... | 250) 114 74 
Maximum evaporation 
Fuel-fired boilers 656 /995| 875/656 780 
Waste-heat boilers 75]... 300 | 143 100 
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are also integrated, as will usually be the case, no 
additional standby boilers would be required. In 
practice, however, part of the works’ demand will be 
met by other waste-heat boilers, operating mainly in 
conjunction with open-hearth furnaces. The relative 
importance of these two sources of steam and their 
relation to fuel-fired boiler capacity are shown in 
Table XIII. 

On the average, 10° of the works’ steam demand is 
already supplied by waste-heat boilers, and this would 
be increased to 20% if dry cooling were adopted. It 
may be noted that fuel-fired boiler capacity is equal 
to, or greater than, the average total works’ demands. 
In consequence the use of waste-heat steam tends to 
increase the cost of fuel-fired boiler steam because 
the capital charges and overheads remain at a constant 
value for a reduced output. On the other hand the 
thermal efficiency of fuel-fired boilers usually attains 
its maximum at an output below the rating ascribed 
by the manufacturers (Lyle’), and as the major cost 
of the steam is due to the fuel the total cost per unit 
may be but little changed. 

It is probably reasonable to suggest that, in entirely 
new works where waste-heat steam could supply 20°; 
of the normal demand, the fuel-fired boiler capacity 
should equal the maximum demand less the normal 
waste-heat supply. With, however, the increasing 
replacement of steam power by electric power, which 
can in many cases be obtained more conveniently and 
as cheaply, from internal supply, the position may 
change during the next few years. 


CONCLUSIONS 


(1) Dry-coke cooling plants, in which the heat of the 
coke is extracted by means of inert-gas circulation 
and recovered by waste-heat boilers, are technically 
operable provided there is a high standard of main- 
tenance. Their application to the integrated works of 
the iron and steel industry depends primarily on : 

(a) Running costs of the cooling process 

(6) Ability to use the steam raised 

(c) Ability to use the fuel that would otherwise have 
been used to raise the steam. 

These points are dependent on conditions within 
the individual works as well as on the cooling plants, 
and it is impossible to make any general ruling. 

(2) Estimated costs of operation, within the limits 
of a number of arbitrary assumptions, show a small 
return on investment. 
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(3) Because of the high capital cost of the plants, 
a profit is dependent on : 

(a) the amortization period being not less than 15-20 
years 

(b) the capital charges and overheads being not more 
than 10% of the capital cost each year 

(c) the average throughput being not less than 80% 
of the rated throughput 

(d) the steam being credited at a value equivalent 
to the cost of fuel-fired boiler steam using normal- 
priced fuels. 


(4) The major part of the capital cost is due to the 
coke-cooling chambers and not to the boiler units ; in 
consequence steam costs are higher than from waste- 
heat boilers operating under comparable conditions in 
conjunction with fuel-fired furnaces. 

(5) In common with other waste-heat boilers, oper- 
ating without auxiliary firing, the rate of steam genera- 
tion is not steady, and cannot be adjusted to suit the 
works demand. Some degree of flexibility can be 
obtained by the addition of a steam accumulator, 
but at the expense of reduced steam pressure to the 
consuming units. 

(6) The cooling plants can be expected to raise 
approximately 1000 Ib. of steam at 180-200 Ib. /sq. in. 
pressure per ton of coke cooled when operated in 
conjunction with coke ovens, a quantity rather more 
than is required for the average coke oven and by- 
product plant. 

(7) As the present tendency is to operate fuel-fired 
boilers at 450-600 Ib./sq. in. pressure, a rigid com- 
parison with the cost of fuel-fired boiler steam can 
only be made after considering the subsequent use of 
the steam. : 

(8) Provision for stand-by steam, in the event of 
breakdowns in either the coke ovens or the cooling 
plant, presents no difficulty in a fully integrated works. 
The maximum requirement would be about 10°%, of 
the total works demand, and would have little effect 
on the cost of the fuel-fired boiler steam. 

(9) The fuel ‘saved ‘ by operating dry-coke cooling 
plants in integrated works will normally be equivalent 
to 16,000 cu. ft. of blast-furnace gas per ton of coke 
cooled, and this must be used within the works if 
economy is to be effected. In some cases this can 
be utilized only by generating electricity and may 
entail installing additional plant. 

(10) Although the proportion of breeze and coke 
nuts is increased at the coke-oven screens when 
bunker-type coolers are used, the screening of the drv 
material is more efficient than wet-quenched, and 
the upper limit of the breeze can be set, for example, at 
} in. instead of 3 in., the yield of breeze being then 
approximately the same in both cases. Although the 
vield of coke nuts (} in. to 1} in.) from bunker dry- 
cooling will be greater than the vield of nuts (2 in. 
to 14 in.) from wet quenching, and the yield of blast- 
furnace coke (over } in.) less, there is little difference 
at the present time between the price of coke nuts 
and blast-furnace coke. 

(11) It can be expected that as increased breakage 
of the coke occurs in the bunker-type coolers, subse- 
quent breakage, particularly in the furnace bins, will 
be reduced, resulting in a smaller quantity of breeze 
and small coke being charged to the furnace. 
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(12) As it is agreed that breeze and small coke are 
of little or no use in the blast-furnace, it can be ex- 
pected, for the above reason, that when the coke is 
not rescreened before the furnaces the dry-cooled coke 
rate will be less than the wet-quenched coke rate. 
The rate of drive of the furnace will be increased with 
the former, but as the blast-furnace coke yield is 
lower there may be no significant difference in the 
coking-coal requirement. 

(13) The dry breeze can be used in many works for 
the production of sinter and can be readily admixed 
with the fine ores, flue dust, ete. 

(14) While it is still necessary to provide wet- 
quenching equipment for use in the event of break- 
down of the dry-cooling plant, the maintenance of 
this equipment and the nuisance of dust and spray 
from the quenching tower will be greatly reduced. 

(15) No alternative method to wet quenching can 
be yet suggested in those works which have to dispose 
of large volumes of effluent liquor by evaporation on 
the coke. 

(16) The possibility exists that further research into 
the mechanism of heat transfer between the coke and 
circulating gas would make it possible to reduce the 
size and therefore the cost of the cooling chambers. 
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Quenching hot coke by overhead water sprays, 
from the original woodcut by Viva Talbot 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








Note on an Examination of the Bendix Method for 
Determining Coating Thickness on Tinplate 


By F. W. 


ENDIX, Stammer, and Carle have described* a 
B method of determining tin coating weights, and 

the method is in use in this country for routine 
inspection. The tin is removed by anodically polariz- 
ing a tinplate disc, suspended by its edge from an 
electromagnet, in hydrochloric acid containing iodine ; 
porous pots on either side of the disc enclose carbon- 
rod cathodes. The iodine is reduced by the tin entering 
the solution, and the weight of tin removed is calcu- 
lated from the decrease in the iodine content of the 
anolyte. 

When the electrolysis is continued after the tin 
has been removed, the apparent coating weight 
becomes progressively greater. The originators of 
the method have suggested that this is due to reduc- 
tion of iodine by ferrous iron dissolved from the 
specimen. It is unlikely, however, that such a reaction 
will take place to any appreciable extent, since the 
redox potentials for Fet+, Fe+++ and 13, 317, 
are + 0-77 and -+ 0-45 V., respectively ; in fact, 
when the anolyte was allowed to stand for 5 min. in 
the presence of 0-1 g. of ferrous iron, the decrease 
in iodine content was not more than could be attri- 
buted to loss by volatilization, which is a source of 
error not mentioned by Bendix, Stammer, and Carle. 
The amount of iodine lost by volatilization from 
220 ml. of the anolyte, after it had remained in the 
cell for 5 min. at 25° C. without electrolysis or contact 
with tinplate, was 0-0031 g., which is more than 10% 
of that consumed by the tin from a 2-sq. in. area of 
16-0z. tinplate. There was no loss of iodine in 5 min. 
at 0°C., and at 25°C. the loss was only 0-0004 g. 
when the anolyte was placed in a 250-ml. stoppered 
conical flask. 

It is probable that the main loss of iodine on 
continued electrolysis is caused by direct combination 
of iodine and metallic iron at the anode (specimen), 
the reaction being facilitated by migration of Iz ions 
to the anode. It will be seen from the following 
figures that there is a practically linear decrease of 
anolyte iodine content with time, when a blackplate 
disc is polarized anodically in it at a current density 
of 0-75 amp./sq. in. : 


Polarization Period, Iodine Content, 


min. g. per 220 ml. 
0 0-196 
1 0-194 ; 
2 0-192 
5 0-186 
10 0-176 


A similar, though smaller, decrease in anolyte iodine 
content occurred during electrolysis at a current 
density of 0-375 amp./sq. in., e.g., after 5 min. the 
decrease was 0-0068 g. The reaction between anolyte 
iodine and a stationary, unpolarized, iron disc was 
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slow and probably diffusion-controlled, since rotation 
of the disc increased considerably the rate of the 
reaction. Rotation of an unpolarized tinplate-basc 
dise (2 sq. in. area) at 120 r.p.m. in 220 ml. of the 
anolyte for 5 min., reduced the iodine content by 
0-0161 g. When the disc was waxed there was still 
a decrease of 0-00675 g., owing to the increased 
volatilization of the iodine by agitation ; hence the 
loss of iodine by reaction with the iron was 0-00935 g., 
i.e., about one-third of the amount consumed by the 
tin from a 16-o0z. tinplate specimen 2 sq. in. in area. 

Some indication of the time at which stripping is 
complete is desirable, and with this object in view, 
the electrode potentials of some tinplate specimens 
were measured during the stripping process. There 
were, however, no well-defined steps in the anode 
potential/time graphs. It was found that specimens 
of 16-17 oz. coating weight could be stripped com- 
pletely in 1 min. at a current density of 0-375 amp. ’ 
sq. in., and the error in the coating weight due to 
loss of iodine by volatilization and reaction with iron 
probably did not exceed 2°. For 24-0z. specimens a 
suitable time is 14-2 min. at 0-375 amp./sq. in., or 
45 sec. at 0-75 amp./sq. in. To remove the tin from 
a specimen of 16 0z. coating weight and 2 sq. in. 
area, a current of 0-75 amp. would, theoretically, 
need to be passed for 32 sec. The actual time required 
to strip the specimen completely may be somewhat 
longer ; for, owing to the uneven thickness of the 
tin coating and the non-uniformity of the applied 
current density, the basis metal becomes exposed 
before all the tin is removed, and then some of the 
current is devoted to iron dissolution. It may be 
mentioned that the pole-piece of the electromagnet 
used for suspending the specimen should be as small 
as possible ; otherwise the anodic current density on 
the area of the specimen adjacent to the pole-piece is 
lower than elsewhere, and some tin remains there 
after the rest of the specimen is stripped. In con- 
clusion, provided that the time of treatment is not 
prolonged unduly beyond that required to strip the 
coating, the method is reasonably accurate. 
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A Modern Heavy Forging Plant 


By W. H. Alvey 


HE earliest record of a hydraulic forging press is 
in 1847, when Sir Charles Fox patented a press 
for ‘‘ pressing or forming pieces of metal into 

forms or shapes.” The first forging press to be 
installed in any steelworks in the world, and which 
now is of historical interest only, was erected in 1863 
in the Cyclops Works of Messrs. Charles Cammell and 
Company, of Sheffield. It was made by the Kirkstall 
Forge Company to the design of J. Haswell, loco- 
motive superintendent of the Austrian State Railways. 

For many years this press was not used to its full 

capacity, as steam hammers were preferred by the 
leading engineers of that period. Experience has 
proved them to be wrong, and today forgings produced 
under a press are considered far superior to those 
worked under a hammer. Because of this old prejudice 
the press at the Cyclops Works was used chiefly for 
bending armour plates. Figure 1, which is taken from 
an old print, shows the press occupied in this kind of 
work. The press columns were cut away (and there- 
fore considerably weakened) in order to permit armour 
plates of greater width than the original clearance 
between the columns to be passed under the press. 
The capacity of the press was 1250 tons, and it was 
operated by a horizontal steam engine which had a 
single steam cylinder with a large piston mounted in 
the centre of a long piston rod; the rod extended 
through the stuffing box of the cylinder at each end 
and was coupled directly to a pair of horizontally 
opposed hydraulic rams, 7.e., one on each side of the 
steam cylinder. The press is stated to have given 
30 squeezes per minute. 


DEVELOPMENTS IN FORGING PLANT AND 
PRACTICE 
Ever since the very early plants, forging presses 
have generally been driven by steam pumps or steam 
intensifiers, and many continue to use this form of 
power. In more recent years, however, the electrically 
driven pump has come into use, and in this paper 
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consideration is given to actual experience with this 
type of drive over the past fourteen years. 

Many of the older presses, which have been in 
service for 30 years, and more, are not only still giving 
good service, but in many cases are producing a 
greater annual tonnage of forgings, and of a greater 
size and weight, than formerly. This has been made 
possible, not so much by any radical modification to 
the press itself, but by a general speeding-up in 
operation of the whole of the forging equipment by 
providing the following improvements in operation : 

(1) Better handling facilities of greater capacity. 

(2) Installation of electrically driven hydraulic 
pumps. 

(3) Increased penetration speed of the press. 

(4) Increased lifting and lowering speeds of the 
press. 

(5) Better design of the press control valves. 

(6) Fewer press stoppages because of improved 
servicing and maintenance and the availability of 
more suitable materials for parts subjected to wear. 

(7) Improved and speedier tool-changing and mani- 
pulator equipment. 

(8) More powerful and quicker-acting electric over- 
head forging cranes and turning gears. 

(9) Provision of a larger number of furnaces of 
modern design, with a greater total heating capacity 
and a more uniform temperature. 

(10) Better planning. 

Attention to these items has been more than justi- 
fied in the forging plant with which the author is 
associated. One important feature is that it has 
enabled ingots that formerly required three, four, or 
five heats (depending on the ingot size and type of 
work) to be forged completely in one or two heats. 
This, among other economies, has led to a great 
saving in fuel. 

In the same works, press availability, ¢.e., the time 
that the press is actually in production compared 





Manuscript received 29th September, 1948. 
Mr. Alvey is Chief Engineer, English Steel Corporation, 
Ltd., Vickers Works, Sheffield. 


119 JOURNAL OF THE IRON AND STEEL INSTITUTE 





120 ALVEY : 





Fig. 1—1250-ton forging press installed at the Cyclops 
Works of Messrs. Charles Cammell and Company 
in 1863 


with the time worked by the forging crew, has 
increased from 30 to 50% on a 7000-ton press and to 
nearly 60°% on 1430-ton presses, with corresponding 
increases on intermediate presses of 2250 and 4000 
tons’ capacity. These presses are producing alloy and 
carbon-steel forgings consisting of high-pressure boiler 
drums, rotors, gear-wheel rims, crankshafts, and other 
types of hollow and solid intricate forgings. 

Better planning has had a considerable influence in 
increasing the productive capacity of the forge by 
reducing waiting times between heats, and by quicker 
changing of tools, etc. 

Additional benefits could be gained by installing 
larger and more powerful presses for the heaviest 
forgings, thus enabling ingots heavier than the 
present maximum of 250 tons to be handled ; further, 
the forging rates of present ingot sizes could in some 
cases be increased by employing wider forging tools. 
For example, whereas a 7000-ton press uses 30-in. wide 
tools, a 4000-ton press can operate economically only 
with 24-in. tools. It should be pointed out, however, 
that, even with a larger press, a wider set of tools 
cannot always be used as their use is often governed 
by the type and shape of the forging. 
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FORGING PLANT 


DESCRIPTION OF THE PLANT 

Five of the six forging presses under consideration 
are over 30 years old and are still giving excellent 
service. General particulars of the presses are given 
in Table I, from which it will be seen that three have 
single cylinders and three have twin cylinders. The 
three latter presses have inverted T-shaped crossheads 
with stalk guide cylinders. 

The design of the presses in no way governs the 
type of forging that can be produced ; this is decided 
by press capacity in relation to ingot section. The type 
of work undertaken by each press is as follows : 

Press No. 1—Shafting, connecting rods. and general 
forgings from ingots up to 15 tons in weight. 

Press No. 2—The closing of boiler drums; small 
hollow forgings, crankshafts, and general forgings. 
Maximum ingot weight handled is 30 tons. 

Press No. 4—Medium and heavy hollow and solid 
forgings from ingots up to 170 tons in weight. 

Press No. 5—The heaviest forgings, including large 
gear-wheel rims and high-pressure boiler drums ; large 
hollow and solid forgings from ingots up to 250 tons 
in weight. 

Press No. 7—Wheel blanks, crankshafts, small gear- 
wheel rims, and miscellaneous general forgings from 
ingots up to 40 tons in weight. 

Press No. 9—General and marine-type forgings from 
ingots up to 45 tons in weight. 

Table II gives details of the output of the 
forging presses from the time of installing electric 
pumps, together with the electric power consumption. 
It will be noted that the power consumptions of 
presses Nos. 2 and 4 are higher than the remainder. 
This is explained by the fact that press No. 2 specia- 
lizes in the closing of boiler-drum ends and in other 
work demanding high working pressures for long 
periods. Press No. 4 was converted to electric-pump 
drive as recently as 1947 and has been engaged largely 
on the lighter type of forging work during the over- 
hauling of press No. 7. 

An analysis of Table II reveals that the electro- 
hydraulic pumps have given a combined service of 
48-5 years; the output of ingots forged amounts 
to a total of 617,269 tons, and the average electric 
power consumption is 27-2 units per ton. During the 
entire period of operation the pumps have never given 
® moment’s trouble, and maintenance is negligible. 


THE ELECTRICALLY DRIVEN HYDRAULIC PUMP 
Five of the six presses under review were originally 
installed between 1900 and 1913 and were equipped 

















Table I 
DETAILS OF THE FORGING PRESSES 
oy a he Type of Press Type of Cr head head Bush Maker ee 

1 1430 | Single-cylinder | Plain-beam, ram | Circular Vickers 1900 
attached 

2 1430 Single-cylinder és fe Half-round 5 1900 

4 4000 | Twin-cylinder Inverted-T, stalk | Circular Davy Bros. 1907 
guide cylinder 

5 7000 Single-cylinder | Plain-beam, ram | Flat, with wedge | Armstrong Whitworth 1913 
attached adjustments 

7 2250 Twin-cylinder Inverted-T, stalk | Circular Davy Bros. 1912 
guide cylinder 

9 2250 Twin-cylinder ri o» +s Davy and United 1942 
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Table II 


FORGING-PRESS OUTPUTS AND ELECTRIC POWER CONSUMPTION SINCE ELECTRIC PUMPS 
WERE INSTALLED 


























Tons Forged 
Period of Service Electric-Pump Power 
Press No. Capacity, tons to June 1948, _ , Consumption, units 
years Ingot Weight pe ig per ton of ingot wt. 
1 1430 10 106,810 64,078 21-75 
2 1430 10 77,600 46,560 31-21 
4 4000 1} 16,693 10,931 34-08 
5 7000 14 282,366 162,748 26-70 
4 2250 10 89,510 53,706 21-06 
9 2250 3 44,290 27 ,684 28-23 




















with steam intensifiers or three-throw horizontal 


steam pumps. The sixth press, of 2250 tons’ capacity, 


was installed in 1943. All these presses have been 
equipped with electrically driven, high-pressure, three- 
throw, horizontal or operating at a maximum 
Ww orking pressure of 23-3 tons/sq. in. Specifications 
of the pumps are given in Table ITI. 


Pump Installation for the 7000-ton Press 
The first of the pumps to be built and installed 
was for a 7000-ton press. Careful consideration was 
given to the design and construction of the pump, 
based on the best marine practice ; the duty of the 
pump, which was as follows, was decided upon only 
after the whole of the heavy-forging technique had 
been studied. These conditions were quite easily met 
by the pump designers : 
1) Kight full-load strokes per minute. each of 7-in. 
penetration at the rate of 2 in. /sec. 
(2) Ten similar strokes of 5-in. - netration. 
(3) Thirty strokes per minute of 3-in. penetration. 


An important consideration was whether the pump 
should be the constant-speed or the variable-speed 
type. Although it was appreciated that certain 
operations, such as cutting-off the discard, had to be 

carried out at slower penetration speeds, and that 
for the twisting of large crankshafts, pressure without 
penetration was required from the pumps, thus 
using the press as a vice, 90° of the work could be 
undertaken at the maximum penetration speed of 
2 in./sec. It was therefore thought unnecessary to 
employ Ward-Leonard variable-speed control, because 
of the high capital cost, and that a constant-speed 
pump should be installed, obtaining speed variation, 


when required, by means of by-passing through a 
long-nose slipping valve some or all of the water 
delivered by the pump. 

The design finally selected, namely, the horizontal, 
three-throw, reciprocating type, in a single set, 
running at 84 r.p.m., incorporated both simplicity 
and ruggedness of construction. The pump has a 
constant capacity of 1432 gal. of water per minute, 
up to a maximum of 23 tons/sq. in., and is fitted with 
three stainless-steel rams each 7? in. in dia., with a 
stroke of 36 in. and an average speed of 510 ft./min. 
A 2500-b.h.p. motor, running at 600 r.p.m., and of 
the slip-ring induction type, drives the pump. The 
motor is connected by Bibby couplings through a 
single-reduction train of double-helical gears with a 
ratio of 6-9: 1. Two high-speed flywheels are fitted 
on the pinion shaft and have a stored energy of 
33,800,000 ft.lb. at a motor speed of 600 r.p.m. A 
peak output of 6500 h.p. is available, with a slip not 
exceeding 15%. Lubrication of all running surfaces 
of the pump is provided by gear-type oil-pumps, and 
the system is fitted with the usual alarms in case of 
oil failure or excessive oil temperature. 

The general arrangement of the pump unit is shown 
in Fig. 2, and a fuller description has been published 
elsewhere.* 

Performance and Maintenance of the Pump 

This large high-pressure pump has been in almost 
continuous service, including the war years, since 
1934. Only once has it had an enforced shutdown— 





*F. H. Roberts, Proceedings of the Institution of 
Mechanical Engineers, 1946, vol. 155 (War Emergency 
Issue No. 24). pp. 453-464. 








Table III 
SPECIFICATIONS OF ELECTRIC HYDRAULIC FORGING PUMPS 
Electric- | Maximum Max. h.p. | Maximum . 
Press_ | Penetration 7 Pump Motor 4 3 Ram : Stroke of , 
" Pump Working with 15°, Motor Number Year of 
Cc ity, Speed, . Speed, Rating, - ~ Dia., ¥ d Ram, : . 
“tee"| intjocc. | Capnetiy. | Eresoure, | pam. | Dbo- | patming| Spee | tn.” [Of Rams) “fg.” | instalation 
7000 2 1432 2} 84 2500 6500 600 7} 3 36 1934 
4000 2 384* 3 100 900 2000 600 43 3 24 1947 
2250 2 384 2} 100 900 2000 600 4} 3 24 1938 
2250 2 384 23 100 900 2000 600 4} 3 24 1942 
1430 2 220 2} 110 600 1200 585 3} 3 | 18 1938 
1430 2 220 23 110 600 1200 585 3} 3 | 18 1938 












































* There are two pumps of this capacity on this press 
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Air cock 

Folding keys 

Check valve 

Slipper 

Ventilation cowl, 4-in. 
dia., about 12 in. high 


(6) 6-in. bore oil drain | 
(7) 9-in. bore discharge 
(8) 11-in. bore suction 
(9) Mechanical 
(6-pint, 6-feed) 40/1 


worm reduction-gear 


drive 


lubricator 


(10) 4-b.h.p. motor, 750- 
r.p.m., 220-V., D.C. 

(11) Ram lubrication sys- 
tem 

(12) }-in. dia. copper pipes 

(13) Bearings 12 in. dia. 
x 9} in. 


Fig. 2—Arrangement of 2500/6500-h.p. electric hydraulic pump for 7000-ton 
Armstrong, Ltd., Elswick) 
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20 FEET 


(14) Chain drive 

(15) 24-in. bore oil supply 

(16) Bearing 19 in. dia. > 
144 in. 

(17) Bearing 19 in. dia. > 
17} in. 


press (Messrs. Vickers 
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in its very early days—owing to a broken torque- 
transmission spring on one of the flexible couplings. 
Its duration of service up to June 1948 wes 43,954 
forging-hr., during which time the 7000-ton press 
produced 162,748 tons of finished forgings. The 
meticulous eare taken in designing the pump, the 
choice of the most suitable materials, and the high- 
class workmanship, made the pump 2 complete success 
from the beginning of its operation. 

Pump-Ram Packings—The pump-ram packings are 


the split-overlap, cotton-fibre type. The numbers of 


replacements made over a period of 13 years were 10, 
14, and 15, for rams Nos. 1, 2, and 3, respectively. 
The shortest life of the packings was five months 
end the longest life twenty months. 

Bibby Coupling Springs—These springs are exem- 
ined and greased every 3 to 4 months. In addition to 
the early failure of one spring, already mentioned, 
small breakages have occurred from time to time, but 
the average life is well over two years. 

Pump-Delivery Valve Springs—Only four broken 
springs have had to be replaced. 

Oil Lubricating Pipes—Only one small oil lubricating 
pipe has had to be replaced through fracture. 

Oil-Pumps—In 1945 a small shaft with its pinions 
driving the oil lubricating pump from the main pump 
crankshaft, was replaced because of wear. 

Lubricating Oil—The total amount of lubricating 
oil used between 1935 and 1948 amounted to 8280 
gal., or 0-19 gal./forging-hr., for the pump, end 675 
gal., or 0-015 gal./forging-hr., for the gearbox. 

Delivery and Suction Valves—The pump delivery 
and suction valves and seats have never been touched 
and the surfaces are unmarked. The valves and seats 
are of stainless steel, specially selected for the pur- 
pose, and are heat-treated to a Brinell hardness of 
255-285 for the valves and 190-215 for the seats. 

Weekly Servicing—The only weekly servicing re- 
quired consists of cleaning the strainers of the oil and 
water circuits. 

Maintenance and Operating Costs—The total cost 
for maintenance of the pump over the period 1935 
to 1948 amounted to no more than £1000, or an 
average of less than £77 a year. Since the instal- 
lation of the pumps the operating cost over the 13 
vears’ service, inclusive of attendants, electrical 
energy, stores, and maintenance, has amounted to 
less than one-third of the cost of steam operation 
either by pumps or by intensifiers. 

Pump Installations for the Smaller Presses 

Having obtained sufficient evidence that the per- 
formance of the pumps for the 7000-ton press was 
satisfactory and economical, two 1430-ton presses and 
one 2250-ton press were converted from steam- 
intensifier operation to electric-pump operation to 
similar design as for the 7000-ton press, but of smaller 
capacity. Later a 4000-ton press was converted from 
steam-pump operation, and a new 2250-ton press was 
installed with electric-pump drive. 

Two pumps were installed for the 4000-ton press, 
each of similar size to those used for the 2250-ton 
presses, but with the working pressure increased to 
3 tons/sq. in. Both pumps are coupled into the press 
hydraulic circuit by means of suitable hand-operated 
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stop valves and can be worked singly or together. 
If one pump is in operation the penetration speed will 
be reduced from 2 to 1 in./sec. The pumps came into 
service in March 1947, and so far there has been no 
occasion to operate them individually. 

Six hydraulic forging presses operated by electric 
horizontal pumps are now in operation in the author’s 
forge. Experience of all the sets of pumps, both in 
service and in maintenance, has been similar to that 
described for the 7000-ton set. All have proved 
reliable in service, economical in operation, and 
trouble-free, with almost negligible maintenance 
costs. Other advantages over steam pumps and steam 
intensifiers which have been realized are as follows : 

(1) There is no need to raise steam several hours 
before the press is due to commence work, as 
electrical power is always instantly available. 

(2) The pump can be switched-off as soon as 
forging operations have ceased, and men need not 
be retained to bank up boiler fires for the next day’s 
work. 

(3) Wastage of steam through leakage is avoided. 

(4) Standby losses in steam plant are avoided, 
thus effecting a saving in fuel. 

(5) The transport and handling of coal and ash 
is eliminated. 

(6) Greater cleanliness can be maintained in the 
pump house. 

HYDRAULIC CIRCUIT AND VALVE CONTROL 
GEAR 

The arrangement of the hydraulic pipes and control 
gear for the 7000-ton press is shown in Fig. 3 ; this 
arrangement is similar to that of the other presses, 
all of which have given good service. 

For normal forging duties the press control valves 
are operated by a2 single main hand-lever, as in steam- 
driven presses; ‘fill-up’ and forging strokes are 
obtained by a forward movement of the lever of 
15 in. from its central or standing position. A similar 
reverse movement opens the forging valve to exhaust, 
and then on to lifting. The hand-lever directly 
operates the lifting cylinder valves, but because of the 
greater effort required to operate the large forge and 
fill-up valves, hydraulic servo mechanisms have to 
be used, as is indicated in Fig. 3. In the event of 
failure of any part of this gear, particularly the forge- 
valve mechanism, an emergency hand-lever directly 
opens the fill-up valve, permitting the high-pressure 
water in the press system to escape back to the low- 
pressure air vessel. 

Reference has already been made to the slipping 
valve which permits speed variation on the forging 
or penetration stroke. This valve was designed to 
maintain any pressure in the forging-pressure circuit 
from } to 14 tons/sq. in., with or without movement 
of the press tool. It is of the screw-down type, hand- 
operated, and is situated remote from the press driver. 
During trials, velocities up to 900 ft./sec. were obtained 
through the valve passages without any harmful 
effect on the shape or surface of the valve faces. 
This valve was discarded in February 1947 as the 
same results could be obtained in a simple manner, 
directly under the driver’s control, namely, by opening 
the forge valve to any degree necessary by means of 
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the main hand-lever, and 
without any harmful effect 
on the valve faces. 

To protect the whole 
of the main high-pressure 
hydraulic system against 
overload if, for instance, 
the press should be stalled, 
triple spring-loaded relief 
valves are mounted in one 
forged-steel block. These 
valves are arranged to 
operate at a pressure of 
approximately } ton/sq. in. 
bove the maximum work- 
ing pressure, and any one 
is sufficient to by-pass the 
whole of the high-pressure 
water from the pump back 
to the air vessel. 

A further provision to 
enable the press driver to 
operate the press within the 
safe capacity of the elec- 
tric high-pressure pump, is 
an Evershed, illuminated, 
electrically operated speed 
indicator fitted convenient- 
ly on the working platform. 
This not only indicates the 
speed of the motor arma- 
ture shaft, but, if it should 
fall below the safe limit 
of 526 r.p.m., a red warn- 
ing light is automatically 
shown, and at the same 
time the electric supply is 
cut off from the motor, 
thus preventing a serious 
overload. The pump motor 
can be switched off in case 
of any other emergency 
by operating a push-button 
fitted on the hand-lever 
quadrant. 

A pressure gauge indi- 
cates the pressure in the 
press main cylinder, and 
for the special duties 
wlready mentioned, the 
desired pressure can be 
obtained. 

Modifications were made 
to the original hydraulic 
circuit because of heavy 
maintenance of the exhaust 
pipes between the main 
forge and fill-up valves, and 
the air vessel. These valves 
were originally placed on 
the top of the press, with 
the air vessel close to the 
high-pressure pumps, the 
length of the exhaust pipes 
being approximately 30 ft. 
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Owing to the shock imposed ; 
upon them by the sudden =; 
release of high-pressure water 
in the main press cylinder, 





through the forge and _ fill-up 
valves, when a forging stroke 
was completed, these exhaust 





pipes quickly failed through 
fatigue. They were designed to 
withstand a maximum pressure 
of 250 lb./sq. in. although the 
air-vessel pressure was only 80 
lb./sq. in. Flexible exhaust 
pipes of the steel corrugated 
type were tried, but a remedy 
was arrived at only by modi- 
fying the hydraulic circuit as 
it now exists, and as shown in 
Fig. 3. The original arrange- 
ment can be seen in Fig. 4. 
The principal modifications 
were the provision of new 
forge and fill-up valves which 
were installed under the press 
driver’s platform instead of on 
the top of the press; the transfer of the air vessel 
from a position adjacent to the pump to the other 
side of the press, close by the new forge and fill-up 
valves ; the fitting of large-capacity whirlpool cham- 
bers, made from solid steel forgings, immediately 
beneath the valves; and completion of the new 
exhaust system back to the air vessel with large- 
diameter, short-length, forged-steel exhaust pipes. 
The exhaust pipes were increased in bore from 11 








Fig. 4—7000-ton forging press with main valves on 
top of press before the modification in Fig. 3 was 
carried out 
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Fig. 5—Surge vessel and exhaust circuit on No. 7 (2250-ton) 


forging press 


to 24-in. dia. on the main forge-valve circuit, and 
from 11 to 12-in. dia. on the secondary fill-up valve 
exhaust circuit, as the forge valve, opening first, 
takes the full shock of the released high-pressure 
energy. 

Since this modification, early in 1939, no further 
trouble was experienced until 1946, when the main 
exhaust circuit from the forge valve to the air vessel 
failed through fatigue. The main forge valve itself 
was undamaged, but the forged-steel whirlpool 
chamber and the 24-in. bore, forged-steel exhaust pipe 
were split, together with one of the 3-in. thick mild- 
steel plates of the 9}-ft. dia. air vessel, over an area 
adjacent to the 24-in. bore pipe connection. 

This indicates that further modification in design, 
viz., the introduction of some form of shock absorber 
or surge chamber, is desirable. Having regard to 
the very strenuous duty of the press between 1939 
and 1946, the life and behaviour of this part of 
the hydraulic system may be considered satisfac- 
tory. 

The hydraulic circuits of the other five presses 
driven by electric pumps, already mentioned, are 
similar to that of the 7000-ton press, and all have 
proved satisfactory. As an experiment, however, a 
surge chamber consisting of a cylindrical vessel con- 
structed like a small high-pressure boiler, has been 
fitted between the forge and fill-up valve whirlpool 
chambers, and the air vessel on the (No. 7) 2250-ton 
press hydraulic circuit. This has had a marked effect 
in reducing the turbulence and shock on the exhaust 
system, with the result that this press is much 
smoother and quieter in action than the others. The 
arrangement is shown in Fig. 5. 

Forge and Fill-up Valves 

The principal valves in the hydraulic circuit are 
the forge valve and the fill-up valve. In addition to 
being the largest, as they have to control and regulate 
the greatest volume of water, they are also subject 
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to the most wear. The relative sizes of these valves 
on the presses under consideration, are as follows : 


Forge Valve Fill-up Valve 


Size of Main Valve Pilot Valve Main Valve Pilot Valve 
Press, Throat Dia., Throat Dia., Throat Dia., Throat Dia., 
tons in. in. in. In. 
7000 7 13 73 13 
1000 43 1} 7 13 
2250 34 f 4H z 
2250 34 i 5 $ 
1430 3 z 44 3 
1430 3 t 44 3 


Both the forge and the fill-up valves are fitted with 
pilot valves to facilitate the opening of the main 
valves. 

Main Valves—The main valves are of 45-55 tons, 
sq. in. forged carbon steel and, whilst the majority 
of the original valves are still in service, the shortest 
life has been four years. The valve faces have generally 
remained in good condition and have not had to be 
re-ground. 

Main-Valve Seats—On three of the presses the main- 
valve seats have been made in phosphor bronze of 
30 tons/sq. in. tensile, and stainless steel has been 
used in the other three. In all cases the original valve 
seats are still in service and in good condition. 

Pilot Valves—The pilot valves are made of stainless 
steel and, because of the severe wear to which they 
are subjected through erosion, the original valves 
require refacing after an average of two years. The 
width of the valve faces was originally 74 in., but 
better results are now being obtained with a width of 
$ in. 

Pilot- Valve Seats—In the original design the pilot- 
valve seats are integral with the main valves. Wear 
on the valve seats has been experienced and is due 
largely to erosion caused by the surge created in 
releasing high-pressure water (up to 3 tons/sq. in.) 
from the main press cylinders back to the low-pressure 
air vessel at 80 lb./sq. in., after a forging stroke is 
completed and when the pilot valve is just opening 
to exhaust. The wear is most pronounced on the 
forge pilot valve, as this opens first. 

In 1945 a renewable 3% nickel-steel pilot-valve seat 
was fitted in the main forge valve of the new 2250-ton 
press, and this has been found to give not only a 
much longer life, but it also facilitates maintenance, as 
a new valve seat can quickly be inserted. This modifi- 
cation is being made on all the presses. The average 
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life of the original pilot-valve seats before regrinding 
was necessary was two years. 

Valve Bodies—The valve bodies are of forged carbon 
steel of 28-32 tons/sq. in. tensile, and all the original 
bodies are still in service. 

Telemotor System—The telemotor control valves and 
seats require refacing after an average life of 1000 
forging-hr. The valves are of stainless steel, heat- 
treated to 60-65 tons/sq. in., and the seats are of 
similar material, but heat-treated to 45 tons/sq. in. 


HYDRAULIC PACKINGS 


The failure of the hydraulic packings provides the 
chief cause of maintenance and is more severe on 
U leathers than with the automatic type of packing. 
Table IV gives a comparison of the type and life of 
the main ram packings on the various presses. 

The life of the packings depends to a great extent 
on the type of forgings produced, as this factor governs 
the intensity of the working pressure and the eccen- 
tricity of the squeeze. Other influences are the 
condition of the rams, gland, and neck rings, and the 
purity of the water, particularly its freedom from grit 
and scale. Town water is used with soluble oil added 
in the proportion of 80 to 1. 

It is of interest to note from Table IV that presses 
Nos. 1 and 2, which are of the oldest type and have 
U-leather ram packings, require replacement of the 
packings far more frequently than the presses fitted 
with the automatic type. 

The closing of the ends of boiler drums, on press 
No. 2, produces a more severe working condition than 
the type of work undertaken by the similar-sized 
No. 1 press, and is the reason for its shorter packing 
life. Before 1939 the main ram of the 7000-ton press 
was fitted with a U-leather packing, the average life 
of which was 60 forging-hr., as against 530 forging-hr. 
for the automatic type. These results clearly demon- 
strate the superiority of the automatic type of packing. 

Because of the general stiffness of new, automatic- 
type packings, experience on the 7000-ton press has 
shown that an additional ring of soft packing, placed 
adjacent to the gland ring, checks initial leakage of 
the automatic packings until they have become more 
supple, through soaking, and have bedded themselves 
in. 


Table IV 
DETAILS OF MAIN RAM PACKINGS 


Maximum working pressure: 24-3 tons/sq. in. 


























Life, forging-hr. 

Press Capacity, Ram Dia., Type of Size of 
No. tons in. Packing Packing 

Average Longest 
1 1430 (1) 27 U leather } x 19x } in. 72 197 
2 1430 (1) 27 U leather 3 x 1% X< 3 in. 58 135 
4 4000 (2) 28 Automatic 4 rings, 1 « 1} in. 1403 1754 and still working 

on 1/9/48 
5 7000 (1) 60 Automatic | 4 rings, 1} x 2} in., 530 2611 
1 ring of soft packing 

7 2250 (2) 24 Automatic 4 rings, j x 1} in. 1048 1732 
9 2250 (2) 24 Automatic m 4 1336 1690 














JOURNAL OF THE IRON AND STEEL INSTITUTE 


FEBRUARY, 1949 


















































































































































ALVEY : A MODERN HEAVY FORGING PLANT 127 
ding Low - Pressure Hydraulic 
Packings 
‘bon On all the presses the ft 
‘inal lifting, tool-changing, mani- i 
pulator, and other auxiliary ca oh 
¢ . 7 cs 
and cylinders work from a hy- . 8 \} 
. ° A / Z a 
000 draulic accumulator system aad + ; wi 
eat. at a working pressure of 1 NIRS - $ 
> of ton/sq. in. Some of the ts 5 ad 
in. cylinders on the older presses SS SS -=-* l 
ave soft packings, but the | 5 Oo” 
I ft packings, but the ~ | 5 
remainder are fitted with the Sa eae ai 
; automatic type. The aver- | 8 eed Tf ; 7 
> « . e 1 | S- ae: ® 
the age life of the soft packings a 5 i 2 " 
‘noe in the lifting cylinders is 800 &a ha 7 | =f 2 
ng. forging-hr., and with auto- Ce —— 4 1 3 5 5 
> ° . 2 ee i ¢: z- 
> of matic-type packings 2625 set, Sm 3 $i s 
am forging-hr. In the other | £38 a ‘) [Lj & gf 7 
. auxiliary cylinders the pack- me /Ssc reper $3 S 
ne ings usually last for a = <3 & 
i. considerably longer period rf aha & 
the because of their less frequent ~ 
the usage. = 
rit 3 
led Packings in the Telemotor ‘ob 
Control System = 
ges In the telemotor system E 
nom which operates the large 3 A 
] = = - 
the forge and fill-up valves, the 55 Pe 
ed small U leathers with which . a eae 
° . 2 o-O}4 ee . 
the telemotor cylinders and 1s os a ae 
pss their single-acting control ge ni a 
an valves are packed, have be Aig 2 
ed frequently to be replaced. jes 3 
: ¢ . ° P re) = 
ng Their average life is only E 1 
nas 150 forging-hr., but fortun- i a a 
ife ately they can be replaced 9 ; ® 
. . © <= 
y in a few minutes between $ i s 
a. forging heats and usually : \ sted 3 
ws cause no delays. 5 aH | § 
= = Ss ‘ ] v2 @ 
0. 3 bial 
- CYLINDER GLAND AND ‘- ie i= 
i. NECK RINGS _& 54 
ec | 14 > = 
“of In all the presses the wa a ol 5 = 
ie cylinder gland and_ neck | | a 5 
na rings are of phosphor bronze Phys, 3 
having a@ maximum tensile wei 4 
stress of 15-5 tons/sq. in. | | s 
and an elongation of 6%. | t | 5 
Other compositions, includ- a 
° ao } / | = 
ing manganese bronze, have < | \ J | a 
| been used with similar $ ; rr | é — i = 
results. se kee ‘$3, 1o @ = 7 
The average life of the 5 a <6) +e. 84] P 
rings is four years for the at +:9-9- > @ A 
main cylinders, six years for he 
, the lifting cylinders, and 2? 2 
years for the tool-changing FS 
(or manipulator) cylinders. e- 
: 
CROSSHEADS AND £ 
CROSSHEAD BUSHES s 
: a 
As specified in Table I, BS i Se ee ; 
four of the presses are fitted SY 
J with full-circle split bushes, ese 
embracing the main columns 
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on which they slide; No. 2 press is fitted with 
half-circle bushes in contact with the inner faces of 
the columns, and the 7000-ton press is fitted with 
flat-face bushes or slippers, with screw-wedge adjust- 
ment. All bushes are of cast iron with the exception 
of the flat slippers on the 7000-ton press, which are of 
cast steel. The average lives are as follows : 


Press No. Capacity, tons Type Life, years 
1 1430 Full-circle 9 
2 1430 Half-circle 9 
4 4000 Full-circle 8 
5 7000 Flat 10 
7 2250 Full-circle 8 
9 2250 Full-circle 3 (still in use) 


Crosshead Slippers 

Attention is drawn to the flat-type slippers fitted 
on the 7000-ton press. These provide means for easy 
and accurate adjustment for taking up wear—a feature 
not so readily possible on the half- and full-circle types. 
Figure 6 illustrates the slippers, and it will be observed 
that the four main press columns, which are circular 
in section, are enclosed between the press base and 
the entablature, with split sleeves or stockings, square 
in section, and bored out to fit the columns. The 
stockings support the entablature and are bolted 
together on their longitudinal joints. The inner 
sections of the stockings are of cast steel and the outer 
sections of cast iron. For convenience in erection, a 
complete stocking is divided into four longitudinal 
sections and is secured lengthways between the press 
base and entablature by plain keys. 

The crosshead slippers are of cast steel, 48-in. in 
depth, and bear on the two inner faces of each column 
stocking. The four slippers for the longitudinal ways 
of the crosshead have vertical wedge adjustment, 
operated by hand-adjusted screws ; the other four 
slippers for the narrow ways of the crosshead have 
screw adjustment to a pair of wedges placed hori- 
zontally behind each of the four slippers. The latter 
slippers receive most of the wear. 

Experience has shown that to allow for crosshead 
expansion and at the same time to prevent binding, 
a total working clearance of } in. between the slippers 
and stockings is most suitable in the direction of the 
maximum column centres, namely, 19 ft. 3 in., and 
}; in. for the 7 ft. 0 in. minimum centres at right- 
angles. It is considered that this type of crosshead 
guide is a distinct improvement over the circular 
bushes on the other presses, and on later presses a 
further advantage could be obtained if the columns 
were square in section between the press base and the 
entablature ; this would retain the alignment of the 
stockings more rigidly. 

Maintenance and Performance of Crossheads 

The inverted T type of crosshead, with its long rigid 
stalk, is the most satisfactory, as it reduces the 
horizontal thrust on the columns and entablature due 
to eccentric forging loads, and in a well-designed press 
it ensures that no horizontal thrusts are transmitted 
through the ram, as is the case with the single-ram 
type. Whilst maintenance on crossheads, excluding 
the guide bushes, is not very severe (chiefly consisting 
of trueing-up the bearing surfaces for the top tool 
and ram seats after several years’ service—depending 
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upon the type of work which is being carried out), 
some of the older crossheads have had to be replaced 
after 30-40 years’ service. For example, that of the 
4000-ton press, was replaced because of the very 
severe wear on the bearing surfaces and fastenings 
connecting the main cast-steel crosshead to its cast- 
iron spectacle brackets, the latter of which encircle 
the columns and carry the guide bushes. 


RAMS 

Main Rams 

The main rams are made from close-grained cast 
iron and have an average life of about 8} years before 
renewal. The chief cause of maintenance is due to 
wear on the ground surface of the ram, which necessi- 
tates regrinding and skimming up. This wear is 
due chiefly to scoring by scale or grit either in the 
water or adhering to the exposed surfaces of the rams. 

The primary function of the rams is to transmit 
the hydraulic pressure from the cylinders to the 
crosshead, but where, as in the case of the single rigid 
ram-type presses, the ram has to take certain hori- 
zontal thrusts and to act to some extent as a guide 
stalk for the crosshead, wear is more pronounced, 
and in one or two cases rams have broken because of 
this. 
Lifting-Cylinder Rams 

The average life of the lifting-cylinder rams is six 
years. On two presses, namely No. 2 (1430-ton) and 
No. 7 (2250-ton), stainless-steel rams have been fitted, 
and after seven years’ service have still retained their 
high polish ; it is probably for this reason that the 
automatic cylinder gland packings of these presses 
give a much greater life than on the other presses. 


CYLINDERS AND ENTABLATURE 
All the press cylinders are of forged steel and their 
average life is eight years. The material from which 
the main cylinder forgings are made has the following 
analysis and properties : 


Carbon, % ... ies os ... 0°37-0-42 
Silicon, % ... ee oes .. 0°15-0°25 
Manganese. % oe “a5 ... 0-50-0-60 
Sulphur, % mah ee ... 0°04 max. 
Phosphorus, °% —... she ... 0-04 max. 
Nickel, % ... nae eas we =2°0-2°25 
Breaking stress, tons/sq. in. ... 35-40 
Yield point, tons/sq. in. ... i, Ue 


No cylinders have failed through leakage or bursting. 
The chief cause of wear is deformation of the bearing 
surfaces in contact with the entablature into which 
they are housed. This wear extends also to the entabla- 
ture seatings, causing slackness of fit, which, once 
started, quickly develops, usually necessitating an 
expensive replacement of the cylinders or recondition- 
ing of both the cylinders and the entablature. This 
condition occurred recently on the 2250-ton twin- 
cylinder press No. 7. Slackness had developed to such 
an extent on one cylinder, that it became necessary 
to shut down the press for overhaul. When the cylin- 
der was removed it was found that the entablature 
bores forming the cylinder bearing seats had enlarged 
by 0-058 in. in the bottom seat and by 0-009 in. in 
the top. Correspondingly the wear of the cylinder 
itself on the bearing surfaces had resulted in a total 
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clearance in the bottom bearing of approximately 
4 in., against the nominal clearance of 0-010 in. on 
a cylinder diameter of approximately 37 in. 

The entablature, which was the original supplied 
with the press in 1913, was of cast steel, and during the 
course of its life it had been rebored through similar 
troubles. Previously, when slackness developed 
between the entablature and cylinder, the entablature 
was rebored and a new cylinder was fitted with a 
larger outside diameter to suit. 

Apart from the wear on the bearing surfaces, the 
existing cylinder was found to be in excellent con- 
dition, and it was decided to re-machine the outside 
diameter to approximately its original designed size. 

A study of the entablature revealed that when the 
worn surfaces of the cylinder bearing seats had again 
been cleaned up, it would not permit any further 
increase in diameter without unduly weakening it, and 
should such wear again develop, an expensive new 
cast-steel entablature would be required. In order to 
check further wear, it was decided to fit ?-in. thick 
forged-steel bushes, fitting tightly with the entabla- 
ture, and it was considered that an interference fit of 
approximately 0-0003 in. per inch of diameter would 
be necessary. As the outside diameter of the bushes 
was approximately 37} in., the total interference was 
0-012 in., z.e., the bushes were machined 0-012 in. 
larger than the entablature bore into which they had 
to fit. The only practical way to obtain this inter- 
ference fit was to shrink the bushes by freezing, and 
then, after assembling, to allow them to expand to 





Fig. 7—Arrangement of No. 7 (2250-ton) forging press 
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Fig. 8 Assembly of cylinder and bushes in entablature 
of No. 7 (2250-ton) press 


normal temperature. The weight of each of the bushes 
was about 140 |b., and it was important that the 
assembling operations were very carefully planned and 
carried out quickly, for should there have been any 
delays in the operation and the bushes seized before 
being finally in position, they would have been lost, 
for it would have been possible to remove them only 
by boring out. Premature seizing would probably also 
cause damage to the entablature bearing surfaces. 

The process was very successfully carried out by 
the Drikold freezing system of shrink fitting. The 
7-ton cylinder was also refitted by the same method 
in order that it should be a ‘ size and size ’ fit in the 
bottom bush bearing, thus minimizing the chances of 
slackness recurring. 


SHRINK-FITTING BY THE DRIKOLD FREEZING 
SYSTEM 

Although the Drikold freezing using 
solid carbon dioxide (an extremely low-temperature 
material) had been successfully employed for a variety 
of engineering uses, it was understood that no under- 
taking of the magnitude of the 7-ton cylinder had 
ever been attempted. A general view of the press is 
given in Fig. 7, and Fig. 8 is a sketch of the assembly 
of the cylinder and the bushes in the entablature. 

The bushes were the major problem because of the 
relatively thin wall thickness compared with the large 
diameter, the high interference fit required, and the 
awkwardness of handling. 

It was desirable to cool through as great a tempera- 
ture range as possible, to get the maximum contrac- 
tion and consequently the maximum amount of 
latitude in inserting the bushes into position. Methy- 
lated spirit was used as a liquid heat-exchange 
medium, as this method permitted a temperature 


process, 
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40-7 1-40, Drikold _=required for cooling this quantity was 
an Z ° determined as follows : 
wi_sot es “ WxSxt 
7 wo Fah 7-605 a 
4 if we : 3 where W = weight of ose (Ib.), ¢ = temperature 
<-60r 4_goe difference, S = the specific heat, and the figure 275 
a. = is the latent he sat of Drikold (B.Th.U./Ib.). 
= 4 od To this amount was added the quantity of Drikold 
ia eae ee 3 : 73) “> required to cool 60 gal. of methylated spirit plus that 
TIME, MIN. required to cool the steelwork of the bath itself, plus 
; : ; that required to overcome heat leakage through the 
Fig. 9—Predicted heating curves for bushes cork insulation of the cooling bath. The total esti- 


drop at least to — 90° F. in the Drikold/methylated- 
spirit bath without any danger of the liquid freezing. 

The coefficient of the linear expansion or contraction 
of the steel was taken as 6 x10~® in./°F. The 
diameter of the bushes at the fitting points was 
37-262 in. minimum and 37:°349 in. maximum; 
therefore, on cooling through 140° F., a total contrac- 
tion of approximately 0-031 in. was expected. 
Calculations indicated that, with the bush reduced to 
a temperature of — 94° F. (— 70° C.) and suspended 
in air at workshop temperature, the rate of heat gain 
and consequently the expansion, would be rapid. The 
graph in Fig. 9 indicates the calculated rate of heat 
gain. To reduce this rate of heat gain and thus to 
give a longer time margin for handling the bushes, 
mild-steel cover plates were fitted to the bottom of 
the bushes so that when lifted from the cooling tank 
they came up full of cold spirit and Drikold. 


Cooling Tank—The cooling tank was constructed 
from a #;-in. thick mild-steel plate and was octagonal 
in shape so that it could be mounted on the crosshead 
directly under the entablature bore to facilitate the 
lifting of the bottom bush into position. The tank 
was insulated on its outside with 3-in. cork slabs. 
Figure 10 shows the cooling tank, with the bush in 
it, before freezing. The lower ends of the lifting-tackle 
rods are also visible. 


De-Frosting—It was at first assumed that frost 
would form rapidly on the surface of the bush when 
it was lifted from the cooling bath. A few simple 
experiments proved, however, that the methylated 
spirit on the surface of the cold metal bush effectively 
prevented frost formation. ; 


Lifting Tackle—To ensure that the bottom bush 
could be lifted true to the entablature bore, four 
lifting rods, each of which could be independently 
adjusted by means of nuts, were attached to the 
bottom cover plate and to cruciform plates; the 
arrangement of the lifting gear is similar to that 
indicated in Fig. 11, which is for the top bush, except 
that longer lifting rods were used. Hoisting of the 
bush was done by hand, using rope blocks suspended 
from the forge roof. T he rods were w rapped with felt 
blanket to minimize heat gain. 


Quantity of Drikold Required—It was calculated 
that the total weight of metal to be cooled through 
the full temperature range when cooling the bottom 
bush was 6 ewt. 17 lb., which included the tank, 
the bush and its cover plate, and the bottom cruci- 
form, together with nuts, bolts, ete. The amount of 
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mated quantity of Drikold was 300 lb. 


Fitting the Bottom Bush 

The insulated bath with the bush and lifting gear 
in position was filled with approximately 60 gal. of 
methylated spirit. The charging of the Drikold was 
started at 11.20 a.m. At the beginning the addition 
of Drikold was controlled to avoid the violent ebul- 
lition of gas which takes place. After the first charge 
the bath was covered with cork slabs to reduce heat 
losses, final charging being carried out through the 
small opening at one side of the bath. 

By 1.40 p.m. the temperature of the spirit in the 
bath had fallen to — 69° C., after 225 lb. of Drikold 
had been added. By 2-05 p.m., after a further 50 Ib.. 
the temperature was — 71° C., with a shop tempera- 
ture of 2°C. At this temperature it was considered 
the bush had contracted sufficiently to permit fitting. 

After lifting the bush clear of the bath, the fitting 
surfaces were cleaned over to ensure that no foreign 
matter was adhering, and it was then finally hoisted 
in position in the entablature. The total time from 
removal from the bath until the bush was finally in 
position was 20 sec. and the total cooling time in 
the bath was 2 hr. 45 min. A bottom cover plate 
retained the cold spirit. An upward pressure on 
the bush was provided by clamping it tightly from 
the top of the entablature with the lifting tackle, until 
the bush was warmed up to the entablature tempera- 
ture. 


Fitting the Top Bush 

When fitting the top bush the insulated cooling tank 
was lifted on to the press entablature and located 
to one side of the cylinder housing. The lifting gear 
was the same, 


in essentials, as that used for the 
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bottom bush, except that the lifting rods were 
considerably shorter. 

When the methylated spirit (which had been used 
on the previous day for fitting the bottom bush) was 
poured into the cooling tank, it was found that its 
temperature was still — 35°C. Drikold charging was 
started at 10.30 a.m. and by 11.30 a.m. the bath was 
down to the required temperature of — 70°C.; 
150 lb. of Drikold were charged into the bath by this 
time. The bush was hoisted from the bath and dropped 
into position at 11.50 a.m. The fitting was done with- 
out difficulty and the bush fell easily into position. 
Figure 11 shows the bush being lifted from the bath. 
The total cooling time was 1 hr. 10 min. 

Fitting the Cylinder 

It would have been impracticable to immerse the 
7-ton cylinder in a cooling bath, and it was therefore 
decided to fit a bottom cover to the cylinder, and 
then to fill the interior to the desired height with 
methylated spirit, and to insulate the cylinder by 
wrapping a felt blanket round the outside. 

The cylinder was machined on the outside so that 
it was ‘size and size’ with the bore of the bottom 
bush and had a clearance of 0-004 in. with the bore 
of the top bush. With this arrangement the cylinder 
would be a relatively tight fit in the bottom bush, 
and yet it would be free to expand longitudinally 
under the hydraulic working pressure of 2} tons/sq. in. 
Figure 12 shows the cylinder with the bottom plate 
standing in position under the entablature. 

Before putting on the felt lagging, the exterior of 
the cylinder was covered with grease-proof paper to 
prevent the felt from freezing on to the steel surface. 
The lagging was about 4 in. thick. 

Owing to the small clearance between the top of 





Fig. 12—7-ton hydraulic cylinder in assembly position 
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the cylinder and the bottom of the entablature, the 
methylated spirit and Drikold were admitted to the 
4-in. bore cylinder hydraulic-pressure inlet connection 
through a pipe passing down the entablature bore. 
It was calculated in this case that a temperature 
difference of 100° F. would be sufficient as this would 
give a contraction of approximately 0-021 in. of the 
fitting portion of the cylinder. For the cooling of the 
cylinder 80 gal. of spirit and 1400 Ib. of Drikold were 
used. 

To reduce the ebullition in the cylinder, about 40 
gal. of the spirit were pre-cooled in the insulated tank 
which had been used for the bushes. Cooling of the 
cylinder commenced at 10.50 a.m., and by 5 P.M. 
it was found that the cylinder had reached the 
temperature required, namely, — 70° C. The lagging 
from the outside of the cylinder was then removed 
and the grease-proof paper was stripped. This 
paper came away from the smooth machined surfaces 
very easily, but was troublesome to remove from 
the threaded portion of the cylinder. The frost 
which formed on the machined surfaces of the cylinder 
was removed by washing with cold methylated spirit. 

The cylinder was lifted into the entablature by the 
overhead crane at 5.30 P.M. ; screw jacks were placed 
under the cylinder to keep it finally in position so 
that the crane tackle could be cast off, and to permit 
the screwing up of the large retaining nut which took 
the weight of the cylinder on top of the entablature. 
Owing, firstly, to the presence of small portions of 
grease-proof paper in the screwed thread of the 
cylinder, and secondly to the contraction of the nut 
itself, the screwing up of the nut to enable the cylinder 
weight to be transferred from the jacks took a con- 
siderable time. 

Temperature Measurements 

For fitting the bushes, the temperature of the 
methylated-spirit/Drikold bath was measured by two 
low-temperature thermometers. As measurement of 
the temperature of the freezing liquid in the cylinder 
by thermometer was impracticable, the cylinder 
contraction was checked by means of two iron- 
constantan thermocouples, with copper plates at- 
tached to them. These plates were secured directly 
to the outer surface of the cylinder, one near the top 
and one near the bottom. The paper wrapping and 
the lagging were put on top of the conductor plates, 
and the thermocouple wires led out through the 
lagging. It should be noted that the only check to 
establish that both the bushes and the cylinder had 
contracted sufficiently to fit easily into position in 
the entablature was by temperature measurement. 

Until the press has been in operation for a con- 
siderable time, it will not be possible to judge the 
full success of the Drikold freezing process of shrink 
fitting, but the method offers distinct possibilities, 
as the ease and simplicity with which the whole 
operation can be carried out is most noticeable. It 
was only by careful planning down to the smallest 
detail, however, that success was achieved. 

MAIN COLUMNS 

If the press columns are fixed rigidly in the base 
and entablature they give little trouble, but should 
slackness develop as a result of wear caused by 
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deformation of the bearing surfaces, a major repair 
generally becomes necessary. Wear on the column 
guide surfaces due to the sliding movement of the 
crosshead is only relatively slight, but if scale or grit 
comes into contact with these surfaces, they can soon 
be severely damaged by scoring. 

Such troubles have been encountered occasionally, 
but generally the columns give good service. Records 
show that from the time the presses were installed 
their average life is 20 years and the longest is 39 
years. Figure 13 illustrates the column-assembly 
details on the six forging presses. In the two 1430-ton 
presses, the older 2250-ton press and the 4000-ton 
press, changes in design and assembly have been 
made since the original installations. A brief history 
of the life of all the columns is given in the following 
paragraphs. 
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No. 1 Press, 1430 Tons 

No. 1 press was installed in 1900 ; the columns were 
fitted into the base and entablature in double-cone 
bushes, as at present fitted in No. 2 press (see Fig. 130). 
Cast-iron distance pieces, or stockings, which also 
formed guides for the crosshead, separated the 
entablature and base, and the whole assembly was 
tightened up by solid nuts fitted at each extremity 
of the columns. In 1913 the columns were skimmed 
up because of wear, the cone bushes were replaced 
with parallel bushes, and stockings were discarded 
and replaced by split nuts under the entablature and 
on the base, as illustrated in Fig. 13a. The crosshead 
was fitted with cast-iron bushes, encircling the 
columns, to replace the flat slipper type. These 
columns were replaced in 1939 by a new set without 
further modification. 
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14 30 tons 1430 tons 4000 tons 4000 tons 7000 tons 2250 tons 2250 tons 


(before reconstruction in 
192) 


(arlington forge) 


Fig. 13—Column-assembly details on the six forging presses 
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No. 2 Press, 1430 Tons 

The original columns installed in No. 2 press in 
1900 were replaced in 1909, and a third set was fitted 
in 1923. On this press, the design has not been 
altered, except that in the 1923 set, the columns were 
centrally bored on their longitudinal axis for their 
full length with 3-in. dia. holes. The object of this 
was to enable the columns to be expanded by steam 
heating after assembly, so that the nuts could be 
screwed up still further, thus ensuring greater tight- 
ness of the whole press structure. In 1939 wear on 
the crosshead slide surfaces had become so _pro- 
nounced that these surfaces had to be skimmed up 
in situ. The design of these columns and of their 
assembly is indicated in Fig. 130. 

At the present time one of the columns is showing 
signs of slackness. 

No. 4 Press, 4000 Tons 

One of the original columns installed in No. 4 press 
in 1907 fractured through fatigue in 1923, after 16 
years’ service. The fracture occurred at the point of 
maximum bending moment, at the top of the press 
base, and in a relatively sharp corner at the bottom 
of a thread. These columns each had four nuts, one 
at the top and one at the bottom of the press base and 
of the entablature (Fig. 13c). Four new columns of 
modified design, as shown in Fig. 13d, were fitted. 
[t will be observed that the split nuts on top of the 
press base were discarded and large-diameter deep 
solid collars were provided on the new columns. The 
columns were fitted into the base and entablature 
without bushes, in parallel bored holes, with a 
clearance of 0-028 in. The extreme column nuts were 
finally tightened after each end of the columns had 
been steam heated through holes 2 in. in dia. and 
5 ft. 6 in. long. These columns are still in service 
after 25 years’ life. They were examined carefully in 
1947 when the press was stripped for general over- 
haul, and were found to be tight in the press base and 
in good condition. 

No. 5 Press, 7000 Tons 

No. 5 press was designed by Messrs. Armstrong 
Whitworth and was originally installed at their 
Openshaw Works, at Manchester, in 1911. The press 
was transferred in 1934 to the English Steel Corpora- 
tion’s Heavy Forge, at Vickers Works, and the 
original columns were again used. In 1939 one of 
the columns became loose in the press base ; on dis- 
mantling the press for investigation it was found that 
one half-section of one of the forged-steel press beams 
into which the column was screwed had broken, and 
the column thread and nut were severely worn because 
of this. Whilst investigating the cause of the failure, 
it was revealed that a cavity had been left in the 
original beam, and it was through this weak section 
that it fractured. The design of this press is rather 
unusual as the press base is built up from forged-steel 
rectangular beams and thick rolled-steel plates fitted 
into cast-iron housings. The whole assembly is keyed 
and bolted together. 

The entablature is constructed from thick rolled- 
steel plates interlocked and bolted together with long 
tie bolts to form a box, through the top and bottom 
plates of which the columns pass. 
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The columns have solid forged-steel heads at their 
upper ends, taking the upward thrust of press cylinder 
through the entablature. The lower ends of the 
columns only are threaded, with buttress threads, 
1} in. in pitch, which are screwed into the forged-steel 
beams in the press base. The details of one of the 
columns showing its assembly can be seen in Fig. 13e. 

In addition to replacing the broken forged-steel 
beam section, and also another which was showing 
signs of wear, four new forged-steel columns were 
made in the works from low-nickel steel and heat- 
treated to give a yield of 22 tons/sq. in. and an 
ultimate stress of 40-45 tons/sq. in., with an elongation 
of 25%. These columns are still in service after 
eight years. 

No. 7 Press, 2250 Tons 

No. 7 press was installed in 1913. The details and 
assembly of the columns were similar to Davy’s old 
standard (see Fig. 13c). In 1929 new columns were 
fitted to the original design. In 1936, when the press 
was re-sited, it was found necessary to skim up the 
columns and the press base and entablature bores, 
because of wear which had caused the columns to 
become slack. New parallel bushes, about 3 in. thick, 
were fitted to take up the clearance, these being a 
good push fit, as it was impossible at that time to 
expand them tightly into position. 

By 1942 the columns and bushes had again become 
slack and severely worn. The base and entablature 
again had to be bored-out and new columns fitted. 
The design was modified in accordance with Fig. 13f. 
It will be observed that the new columns were made 
with solid collars on top of the base and underside 
of the entablature, and that cone bearings with 
bushes were introduced adjacent to these collars. 
These bushes, which were parallel on their outside 
diameter and taper bored, were held in position by 
the nuts fitted at each end of the columns through 
long parallel sleeves or distance pieces, which also 
formed the parallel bearings for the column seatings 
adjacent to the nuts. The nuts were finally tightened 
after the columns had been steam heated through the 
2-in. dia. holes, 7 ft. 0 in. deep into each end of the 
column. No further trouble has been experienced, 
and the columns have so far remained tight after 
more than five years’ service. 

No. 9 Press, 2250 Tons 

No. 9 press is comparatively new, having been 
installed in 1942. It was dismantled and transferred 
to Darlington Forge in 1948. In the short time it has 
been in service the columns and their bearing seats 
have given no trouble, and an examination after dis- 
mantling revealed that they were in good condition. 
The design of the columns is to the new Davy and 
United standard (Fig. 13g.) Solid collars are fitted on 
the press base and under the entablature, integral with 
the columns. Their bearing seats are in the form of 
short cones and the column assembly is tightened 
by solid nuts screwed on to each end, the final nip 
being obtained after the columns have been slightly 
extended by heating. There are no bushes, and the 
parallel-column bearing seats at the top and bottom 
of the entablature and base have a clearance of 
0-022 in. over the column diameters. 
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MANIPULATOR AND TOOL-CHANGING 
EQUIPMENT 

The auxiliary press equipment must be efficiently 
maintained if the press is to obtain maximum pro- 
duction. Because it is situated at or below floor level 
for a considerable length, both at the front and back 
of the press, it is subject to considerable wear through 
scale accumulating on the sliding surfaces, and also 
to wear due to impact from the tail end of an out-of- 
balance porter bar. The manipulator and_tool- 
changing equipment consists of sliding tables at floor 
level, operated hydraulically by horizontal rams or 
pistons, usually ambushed with their cylinders, cross- 
heads, dragbar, etc., below floor level and protected 
by thick rolled-steel cover plates. Its function is to 
facilitate (a) tool changing and setting of tools; 
(6) setting and traversing of becking stands for hollow 
forging ; and (c) extraction of mandrils from hollow 
forgings. 

Provided that the manipulator equipment is of 
ample capacity and in good working order, tool 
changing can be carried out quickly. The importance 
of this will be appreciated when it is understood that 
an ingot or forging leaving the furnace can be forged 
under the press only within a temperature range of 
1250-1000° C., usually taking 1-2 hr. forging time, 
depending on the weight, sectional area, and shape 
of the forging being produced. It is sometimes 
necessary to change the tools several times during a 
heat, and therefore it is essential that the manipulators 
cause no delays. On the lighter presses, to change a 
pair of tools requires about 10 min., and for the 
largest press about 20 min. 

The setting and traversing of becking stands, with 
their becking bars for expanding hollow forgings, and 
also the extraction of mandrils, which occasionally 
seize in a hollow forging that is being drawn out in 
length, must be carried out quickly, and any defects 
in the manipulator equipment would cause serious 
delays necessitating additional reheats. 

Because of scale, wear on the sliding surfaces of the 
manipulator tables and beds quickly causes severe 
scoring, which ultimately leads to replacement of the 
worn parts. It is essential, therefore, that scale be 
removed frequently and regularly. With the object 
of minimizing this trouble the latest 2250-ton press is 
provided with sliding cover plates attached to the 
tables. 

Another cause of maintenance is the damage to the 
press extension beds, sliding tables, and cover plates, 
through the heavy blows they occasionally receive 
when the porter bar carrying the ingot or forging 
under the press becomes unbalanced. 

During the life of the presses, the manipulators, 
cover plates, sliding tables, and beds, have occasionally 
to undergo expensive repairs, and since 1940 the 
7000- and 4000-ton presses have been completely 
re-equipped because these parts had become virtually 
worn out and unusable. In each case they were 
completely redesigned to make them more rugged in 
construction to stand up better to the very heavy 
duty to which they are subjected. The cover plates, 
for example, protecting the cylinder crosshead slides 
and rams, have been made of 7-in. thick rolled-steel 
plates, and renewable heavy-wearing plates have been 
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fitted on all sliding surfaces. The crossheads, which 
were always a source of weakness, have been improved 
by providing, in the case of the 4000-ton press, 
adjustable wedge-shaped slippers to take up wear on 
the slides, and by increasing the length of the bearing 
surfaces so as to reduce the intensity of pressure and, 
therefore, the wear. Better provision for lubrication 
has been arranged. Figure 14 illustrates some of 
these details. 

A new design of spherical connection is being fitted 
between the manipulator ram and crosshead of the 
(No. 2) 1430-ton press to minimize wear on the gland 
packings ; this type of connection is required where 
pistons, as distinct from rams, are used. 

On the 4000- and 7000-ton presses the new rams 
and cylinders were increased in diameter and stroke 
to facilitate the carrying out of the various operations 
already described. As a result of these modifications 
the power of the 4000-ton press manipulator has been 
increased from 78 tons to 113 tons and the stroke 
from 12 ft. to 17 ft. On the 7000-ton press the 
manipulator power has been increased to 150 tons 
and the stroke to 25 ft. A further mechanical- 
handling device, which is provided on the 7000-ton 
press, is a slabbing manipulator operated by the 
horizontal rams in conjunction with jack rams. This 
is a particularly useful tool for the handling of short 
heavy ingots or forgings. 

Alliance Forging Manipulator 

This mobile forging machine is a far more useful 
and reliable tool than were the earlier types tried 
out in about 1930. Experience with four of these 
machines (each of 10 tons’ capacity) on the straight 
forging of gun tubes, barrels, shafting, large con- 
necting rods, and axles, has proved them to be very 
successful, particularly after the forging crews had 
become accustomed to them and had overcome an 
early prejudice against them. 

For the types of work referred to, the mobile forging 
machine has generally replaced the forging crane with 
its power-driven turning gear, and has been found to 
be speedier and more adaptable. It is not considered, 
however, that the forging manipulator will completely 
replace the forging crane either at the press or at the 
hammer, particularly in a forge where general work is 
carried out. It cannot handle long forgings under the 
press without the help of the forging crane partially to 
support its weight, as in their plastic condition such 
forgings are not stiff enough to be handled or carried 
from one end only. 

Since being put into service, about five years 
ago, these machines have given very little trouble. 
There is, however, one fault, which, as yet, has been 
only partially overcome, namely, the continual 
fractures which occur at the motor end shield of the 
bar-turning gear owing to the excessive end thrust 
transmitted along the forging by the ‘ bite’ of the 
forging tool. This is most pronounced on the machine 
serving a 4-ton forging hammer. A partial cure has 
been effected by fitting cast-steel motor end shields 
in place of cast-iron shields, but it is doubtful if a 
remedy will be found until some form of shock 
absorber is introduced. Three other machines are in 
service on one 1430-ton and two 2250-ton presses. 
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REHEATING FURNACES 

The most efficient forging-press 
equipment cannot maintain maximum 
production unless it is provided with 
ample furnace capacity, as much time 
can be wasted in waiting for heats. To 
heat with safety a 250-ton alloy-steel 
ingot from cold requires at least 100 
hr., yet it cannot be forged for more 
than 2 hr. under the press in any one 
heat, so that to keep the press working 
more or less continuously, a large num- 
ber of expensive furnaces would be 
required. A good deal of forge furnace 
time, however, is saved because alloy- 
steel ingots are usually taken straight 
to the forge furnaces after stripping in 
the melting department and are still 
hot ; also, immediately after forging 
has finished on one heat, the forgings 
are recharged for the next heat. 

Both bogie and fixed-hearth type 
furnaces are used. Most forge furnaces 
are now fired by hot raw producer gas, 
but this system has many disadvan- 
tages, including time lost in cleaning, 
or burning out, the gas mains and 
flues, with the attendant trouble of 
polluting the forge and its plant with 
dust and dirt, thereby creating further 
maintenance problems, particularly for 
forging cranes operating over the furn- 
aces. There is also a loss of fuel to the 
furnaces in the form of a portion of the 
volatiles, which are deposited in the 
mains and flues and therefore cannot 
reach the furnaces, whilst the clogging 
up of gas ports and valves makes it 
difficult to obtain uniform temperature 
conditions throughout the week. In 
view of these practical disadvantages 
with hot raw producer gas, there is a 
growing tendency to change to clean 
gas, in the form of town gas, coke-oven 
gas, or clean producer gas. These fuels 
not only avoid the above objections but 
they also enable a close check to be 
kept on the amount of gas used, as it is 
difficult to meter hot raw producer gas. 
Uxperience over the past six years at 
the Darlington Forge has more than 
justified this development. Advantages 
which have already been observed 
are : 

(1) Better furnace efficiency 

(2) Better furnace control 

(3) Greater uniformity of tempera- 
ture 

(4) More perfect: combustion 


(5) No tar or dust troubles in valves, ports, or flues 


(6) Continuous working. 


At the above forge, with which the author is asso- 
ciated, all the forge reheating furnaces, in addition toa 
number of forge treatment furnaces, are operating 
on clean producer gas. These furnaces, 
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Fig. 14—Hydraulic manipulators for 4000-ton forging press 


been specially designed for clean producer gas at a 


calorific value of 160 B.Th.U./cu. ft. or alternatively 


for town gas of 500 B.Th.U./cu. ft., or for any mixture 


which have 


of the two, are the reversing type, provided with 
cross-flow air regenerators, gas recuperators, air- 
supply blowing fans, waste-gas exhaust fans, air/gas 
ratio control, and automatic reversing equipment. 
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They have been installed to reheat ingots and forgings 
from 4 tons to 100 tons in weight, up to 1300° C. 

The design of the furnace is shown in Fig. 15. The 
furnace chamber sizes vary from 18 ft. 0 in. to 8 ft. 
6 in. long, 10 ft. 0 in. to 3 ft. 0 in. wide, and 11 ft. 0 in. 
to 3 ft. 0 in. high. As a comparison, the largest 
furnace fired by raw producer gas, for heating 250-ton 
ingots, is 26 ft. 10 in. long, 12 ft. 0 in. wide, and 
14 ft. 0 in. high from the hearth to the centre of the 
door arch. 

As a result of the success achieved at Darlington, 
clean-producer-gas-fired furnaces are being introduced 
into the company’s Sheffield Works. 


Furnace Maintenance 

The maintenance requirements which follow relate 
to furnaces fired with hot raw producer gas and have 
been compiled from records taken during the last 
15 years. Some of these requirements are avoided 
with furnaces fired by clean producer gas. 

General Overhaul—A general overhaul is necessary 
after every two years of working life. The overhaul 
consists of the following : 

(1) Complete refacing with new refractories of 
the furnace heating chamber, side and back walls 
from the hearth level upwards, fixed and bogie 
hearths, door arches, and jambs. A complete new 
roof is required. 

(2) Complete rebuilding with new refractories of 
the checker brickwork of the gas regenerator. 

(3) Removal of the checker brickwork of the air 
regenerator in order to clean out deposits of dust, 
ete. Normally all the bricks can be replaced. 

(4) Relining of the gas- and air-burner ports. 

(5) Cleaning flue dust from all flues from furnace 
to stack. 

(6) Replacing of Forter reversing-valve hoods 
and replacing of the valves. 

(7) Complete replacing of cast-iron door arches. 
Running Repairs—The following running repairs 

have to be undertaken more frequently : 

(1) Replacing of brickwork door arches and 
jambs (every 6 to 9 months). 

(2) Replacing the bottoms of charging doors, 
including brickwork and castings (every 4 months). 

(3) Examination and repair of gas- and air- 
burner ports (every 5 to 6 months). 

(4) Examination of regenerator-checker brick- 
work and repairing and cleaning a few top courses 
to clear obstructions (every 5 to 6 months). 

(5) Occasional refacing to furnace-chamber side 
walls in local areas where heavy spalling occurs. 
This spalling is due to thermal shock in chilling 
when the door is lifted and is usually more severe 
on large furnaces (about 12 ft. wide and 12 ft. 
high) than on smaller furnaces. 

Brickwork—The brickwork on the furnace chambers, 
regenerators, and checkers, is of the best Scotch 
quality or a similar type. 

Insulation—The furnace chambers are insulated on 
the outside of the roof and side walls with 3 in. and 
41 in. respectively of first-quality insulating bricks. 

Mechanical and Electrical Equipment—Apart from 
the usual routine inspection, the replacement of door- 
lifting and haulage chains, and the greasing and oiling 
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of all gears and bearings, very little maintenance is 
required on the mechanical and electical equipment. 


FORGING CRANES 


The electric overhead-travelling cranes serving the 
high-speed forging presses have a very strenuous and 
heavy duty to perform. Especially is this the case 
with the two 300-ton cranes serving the 7000-ton 
press, and it is largely their speed of operation which 
governs the output of the press. The designers of 
the crane control equipment had much difficulty in 
meeting the press forging cycle specified for the main 
electro-hydranlic pumps, but finally special [.T.L. 
contactor-type control gear was introduced to solve 
the problem. 

The heaviest duty demanded of the motors and 
control equipment was when the press had to make 
ten 5-in. penetrations per minute, or one every 6 sec. 
To give the necessary clearance to lift and manipulate 
the forging after each forging stroke, it was agreed 
to allow for 6 in. lifting and 6 in. lowering, and to 
do this the main crane hoist would have to perform 
the following sequence of operations : 








Hoisting Lowering 
Time, Distance, Time, Distance, 
Operation sec. in sec. in. 
Accelerate from rest 
to full speed 1-00 1 +22 0-70 1-28 
At full speed “ “RSOR 1-17 0°83 2°89 
Retard and stop ... 0-50 0-6) 1-00 1°83 
3°21 6-00 2°53 6-00 


Thus the total calculated time for the complete single 
cycle was 3-21 + 2-53 = 5-74 sec., against the 
specified time of 6 sec., which left a small time 
allowance for operating the controller. For 300-ton 
cranes this duty is very severe, particularly when it 
may proceed more or less continuously for a period 
of 2 hr. at a time during the whole of the forging 
heat. For the same time longitudinal- and cross-travel 
movements of the crane are required, as well as rotary 
movements of the electric turning gear, in order to 
feed the forging longitudinally through the press and 
to rotate it on its axis. 

The weight of the crane is 320 tons unloaded and 
620 tons fully loaded. The normal full-load motor 
horse-powers and crane speeds are as follows : 


Number of H.P. of Speed, 

Motors Each Motor ft./min. 

Main hoist ... dad 2 150 12°5 
Auxiliary hoist (100 

tons) ‘ wate 150 15-0 

Cross travel jas 1 90 80°0 

Longitudinal travel 2 90 120-0 

Turning gear “a 1 90 42-0 


Although the crane specification was fulfilled, the 
forgemen would have preferred a faster crane cycle 
so that the cranes could have a little more speed in 
reserve over that of the press. 

The most careful co-operation and synchronization 
must exist between the press driver and crane drivers 
to avoid overloading the cranes ; largely owing to the 
skill of the drivers, this very rarely occurs. It might 
be an advantage if some form of electric control could 
be developed to make the cranes respond automatically 
in proper sequence with the press operation by means 
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of a master control lever or joy-stick operated by 
the press driver. 
Metadyne Control 

When the control equipment of the 300-ton cranes 
was being studied (1936), consideration was given to 
metadyne and Ward-Leonard control, but the best 
forging cycles available were slower than the con- 
tactor-type installed. However, the 200-ton forging 
crane serving the 4000-ton press was equipped 
with metadyne control in 1935, following the fitting 
of an experimental equipment to a 30-ton forging 
crane in 1934, which gave very promising results. 
The press could successfully and safely overcome 
the torque of the motor and drive the forging down 
on to the bottom tool while the crane was still hoisting. 
As soon as the penetration stroke was completed and 
the top tool moved upward, the crane immediately 
caused the forging to follow the top tool. In the case 
of the 200-ton crane, the much greater inertia of the 
motor and gearing prevented this feature of metadyne 
control from being successful as, on some occasions, 
overloading and breakage of the crane hoisting ropes 
occurred. 

Provided that the crane driver operated the crane 
in a normal way for hoisting and lowering during the 
forging cycle, the system of control was very satis- 
factory, but, as previously mentioned, operation by 
metadyne control is a little slower than the contactor- 
type control adopted on the 300-ton forging cranes. 
It should be stated, however, that recently the 200-ton 
crane, which is fitted with a two-speed hoist by means 
of change gears, has been operating as a 100-ton 
forging crane on lighter types of forging work at twice 
the normal full-load speed, namely, at 21 ft./min., 
with 100-ton load, and at 36 ft./min. when lowering. 
Under these conditions the crane operates more 
satisfactorily and it is easier to avoid overloads in 
the event of the crane not synchronizing with the 
press. Further, the driver can anticipate the press 
movements more safely by putting the controller to 
hoisting, or to lowering, slightly in advance of the 
press. The crane also satisfactorily gives way to the 
press elastically. 

An objection to the crane is that, if the crane driver 
waits for the press to push the forging down, with 
the forging attached to a fairly long porter bar, as 
is usual for lighter forgings, and the crane suspension 
on the centre of gravity, thus forming a long pivoted 
beam, the porter bar tilts and the driver must quickly 
lower to maintain equilibrium of the load. Quick 
lowering may cause the crane over-speed device to 
trip-out, with subsequent delay, this often occurring 
twice during a shift. With the metadyne converter, 
which has a constant-voltage input and a variable- 
voltage output, variable acceleration is obtained for 
each different load, and high speed of the converter 
is often difficult to prevent. Further, there is no fixed 
neutral position of the controller, which is rather 
confusing to the crane driver as the controller position 
determines the torque. 

Maintenance of Cranes 


One of the most serious causes of crane main- 
tenance is the attacking of working parts (particularly 
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electrical components) by sulphuric acid. This acid 
is formed from sulphur dioxide and water vapour in 
the waste gases escaping from the raw-producer-gas- 
fired furnaces and combining with oxygen. The waste 
gases, being lighter than air when they leave the 
furnaces at a high temperature, rise into the shop 
roof, where they cool, and water containing sulphur 
dioxide is thus deposited on to the overhead cranes 
along with dust carried in the waste gases. 

The solid products resulting from this form of 
corrosion are commonly of greater volume than the 
original metal, and so their accumulation in small 
clearance gaps frequently causes earthing by bridging 
the gaps. Resistances which are difficult to protect 
because of heat dissipation suffer seriously from 
corrosion because of this. The ordinary steel-strip 
type has a life of as little as 18 months under these 
conditions, compared with one of 10 years in a clean 
atmosphere. Silicon-iron resistances give much better 
results, but they are not altogether immune. Trolley 
wires, tee bars, and contactor gear also suffer from 
corrosion. 

The totally enclosed motors, being protected, give 
little trouble. 

On the mechanical side, the brakes suffer most 
through acid corrosion. The Farval lubricating equip- 
ment is seriously attacked, particularly the measuring 
valves, which often fail to function. Modern cranes 
with totally enclosed motors and gears do not give 
much trouble, apart from corrosion, provided that 
they receive regular and thorough servicing and 
cleaning. This is particularly necessary for the electric 
contactors and control equipment. 


CONCLUSION 


Much more information could be given on the 
subject of the maintenance of heavy forging equip- 
ment, but it is impossible in a paper of this character 
to cover the complete subject or to quote many 
details. It is hoped, however, that the paper may be 
of interest to forgemasters, engineers, and designers, 
and that it will at least enable a comparison to be 
drawn with other maintenance records. 

Reliable information on the maintenance of heavy 
forging plant is not always readily available, and if 
this paper is of assistance in suggesting improvements 
in design which will reduce the need for maintenance 
and which will increase production, the author will 
feel amply repaid. 
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THE IRON AND STEEL INSTITUTE 
Special Summer Meeting in Norway, 1949 


A notice (C718) has recently been circulated inviting 
Members to register for the meeting in Norway. 

Those taking part in the meeting will leave Newcastle- 
on-Tyne on board M.S. Venus in the evening of 28th May, 
1949, arriving in Oslo early in the morning of Monday, 
30th May. Scandinavian Members and Ladies will 
join at Oslo. At midday a reception and buffet lunch 
will be held at Akershus Slott, Oslo, by kind invitation 
of the Mayor and Corporation of Oslo. During the 
afternoon Members will take part in works visits, and 
Ladies in sightseeing excursions in Oslo. In the evening, 
Members and Ladies will be entertained by the Norwegian 
Reception Committee to a dinner and dance at the 
Bristol Hotel. 

On Tuesday morning, 3lst May, a Joint Meeting with 
the Norwegian Metallurgical Society will be held in the 
Aula of Oslo University for the discussion of technical 
papers : Ladies will have the morning free in Oslo. In 
the afternoon there will be works visits in, and near, 
Oslo for Members, and sightseeing excursions with tea, 
for Ladies. The evening will be free. M.S. Venus will 
leave Oslo at midnight and arrive at Kristiansand early 
the next morning. 

Wednesday, Ist June, will be spent at Kristiansand. 
Members will visit works in the morning and afternoon. 
Ladies will have the morning free and take part in a 
motor-boat excursion in the fjord in the afternoon with 
picnic tea. There will be a meeting in the evening on 
board M.S. Venus for the discussion of technical papers. 
The ship will leave Kristiansand in the early evening and 
proceed during the night to the Hardangerfjord. 

Thursday, 2nd June, will be spent in the Hardanger- 
fjord. In the morning Members will be able to visit a 
works at Alvik and Ladies will remain on board. In the 
afternoon Members will see works at Odda/Tyssedal, 
and Ladies will be able to go on a motor-bus excursion, 
either to Ringedalsdammen or to Latefoss and Seljestad. 
Arrangements for the evening are still under discussion. 
M.S. Venus will leave Hardangerfjord in the evening 
and reach Bergen at about 9.0 a.m. the next day. 

Members will visit works in Bergen in the morning 
of Friday, 3rd June, having the afternoon free, or 
vice versa: Ladies will see a canning factory or take 
part in sightseeing excursions in Bergen in the morning 
with the afternoon free, or vice versa. In the evening 
there will be a dinner-dance at the Hotel Fléien, overlook- 
ing Bergen, by invitation of the Norwegian Reception 
Committee. M.S. Venus will leave Bergen for the 
Sognefjord after the dance. 

Saturday, 4th June, will be spent at Ardal in the 
Sognefjord. Members will be able to visit works at Upper 
and Lower Ardal and to go to Heirnosi, where there is a 
magnificent view of the mountains: Ladies will go by 
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motor-bus to Heirnosi in the morning with the afternoon 
free, or vice versa. The programme for the evening is 
not yet settled. 

On Sunday, 5th June, there will be an all-day excursion 
in the Sognefjord. Scandinavian Members and Ladies 
will leave the meeting in the afternoon of that day. 
M.S. Venus will leave Sognefjord in the early evening, 
arriving in Newcastle-on-Tyne in the morning of Tuesday 
7th June, 1949. 

Papers on the following subjects are being specially 
prepared for presentation and discussion at the meeting ; 
they will be published in the May Journal! : 

(1) By Norwegian Authors: 

The Metallurgical Industries of Norway 

The Practical and Economic Aspects of the use of 
Electricity in Norwegian Steelworks 

Iron Ore Concentration at Syd-Varangar 

Agglomeration of Taconite Concentrate 

A Method of Determining T.T.T. Curves 

Some Points on Brittle Fracture in Mild Steel 

The Use of Olivine Sand in Foundries 
(2) By British Authors: 

British Electric Furnace Design and Practice 

Experience in the Study of T.T.T. Curves. 

Members will be able to visit the following works 
during the meeting : . 

A/S Akers Mekaniske Versksted, Oslo (Shipbuilding) 

A/S Christiania Spigerverk, Oslo (Steelmaking and 
fabrication) 

A/S Kvirner Brug, Oslo (Water-turbine construc- 
tion) 

A/S Emaljeverket, Oslo (Deep drawing and enamel- 
ling of stainless steel) 

A/S Soennichsen Roervalseverket, Oslo (Manufac- 
ture of electrically welded steel tubes) 

A/S Moss Glasverk, Moss, near Oslo (Manufacture 
of glass in electric furnaces) 

A/S Steinullfabriken, Moss, 
manufacture of rockwool) 

A/S Nordisk Aluminiumindustri, Holmestrand, 
near Oslo (Aluminium finishing plant, kitchen utensils, 
etc.) 

A/S Falconbridge Nikkelverk, Kristiansand (Electro- 
lytic refining of nickel and copper) 

A/S Fiskaa Verk, Kristiansand (Electric manufac- 
ture of ferro-alloys and Soederberg electrodes) 

A/S Bjoelvefossen, Alvik (Electric manufacture of 
ferro-alloys) 

A/S Det Norske Zinkkompani, 
(Electrolytic refining of zinc) 


near Oslo (Electric 


Odda/Tyssedal 


A/S Odda Smelteverk, Odda/Tyssedal (Electric 
manufacture of calcium carbide) 
A/S Bergens Bliktrykkeri, Bergen (Manufacture 


of metal containers) 
A/S Ardal Verk, Upper Ardal (Hydro-electric 
power station and electric manufacture of aluminium) 
A/S Ardal Verk, Lower Ardal (Electric pig-iron 
smelting). 
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M.S. Venus will be operated as a one-class ship. She 
has five decks, 7.e., boat, promenade, A, B, and C, 
all served by a lift. A spacious observation lounge, 
smoke room, and bar are on the promenade deck. The 
dining-rooms, smoke room, and bar are on A deck. 
Most of the passenger accommodation is on B and C 
decks. 

The inclusive prices for the meeting vary from £49 to 
£79 for those joining the meeting at Newcastle-on-Tyne, 
and from Kr. 720 to Kr. 1320 (Scandinavian Members 
only), for those joining at Oslo. U.K. Members are asked 
to pay a deposit of £10, and overseas members a deposit 
of £5 per head, on registration : these deposits will be 
credited against each member’s total dues for the meeting. 
Each U.K. Member and Lady taking part in the meeting 
will be required to surrender £23 of his, or her, basic 
allotment of foreign exchange for the year 1949/50. 
Full details are given in the circular notice (C718). 

A full programme, a meeting badge, and a detailed 
programme book (containing descriptions of all the 
works visited) will be sent to registered Members inviting 
them to choose their excursions. 


Representation of the Institute 
Fourth Empire Mining and Metallurgical Congress 


The Council of the Institute has appointed Mr. W. B. 
BAxTER (Vice-President) and Mr. J. R. MENzrIEsS-WILSON, 
O.B.E. (Vice-President), to be Delegates of The Iron and 
Steel Institute to the Fourth Empire Mining and Metal- 
lurgical Congress, to be held in Great Britain from 9th 
to 23rd July, 1949. 


General Board of the National Physical Laboratory 


Dr. C. Sykes, F.R.S. (Member of Council), has been 
nominated by the Council of the Institute as.a repre- 
sentative of the Institute on the General Board of the 
National Physical Laboratory, for a five-year period 
from Ist January, 1949, to succeed Professor J. H. 
Andrew, who retired on 3lst December, 1948. 


NEWS OF MEMBERS 


> Mr. Ropert W. ALLARD has been appointed a technical 
officer at I.C.I., Ltd., Blackley, Manchester. 

> Mr. A. W. Armstronc has left Bound Brook Bearings 
(G.B.), Ltd., Birmingham, to become assistant metal- 
lurgist at the Aston Chain and Hook Co., Ltd., of 
Birmingham. 

> Mr. H. H. Ascouau, Assistant Works Manager of Port 
Talbot and Margam Works of The Steel Company of 
Wales, Ltd., has been appointed Mills Superintendent 
to the new Abbey Works at Port Talbot. 

> Mr. W. A. ATKINS, previously an engineer engaged in 
design and research with H.M.V., Ltd., is now a metal- 
lurgist at Coldair, Ltd. (G.E.C.), North Wembley, 
Middlesex. 

> Mr. J.S. BrapsHaw, Mr. E. G. Mort, and Mr. GEORGE 
Stuart Woop, Local Directors of Messrs. Thos. W. Ward, 
Ltd., Albion Works, Sheffield, have been appointed 
Directors of the Company. 

> Mr. T. Broom has been awarded the Goldsmiths’ 
Dominions Travelling Scholarship, tenable for two years, 
in the Division of Tribophysics, C.S.I.R., Melbourne 
University. 

> Mr. J. B. Carrouu has left Manchester University to 
take up a position in the Research Department of Birlec, 
Ltd., Birmingham. 

> Mr. C. G. Conway has relinquished his post as metal- 
lurgical engineer with The Mond Nickel Co., Ltd., to 
take up an appointment as general consultant with 
Power Jets, Ltd., 8, Hamilton Place, London, W.1. 
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> Dr. D. W. Davison has left the Research School of 
Metallurgy, University of Melbourne, and is now at 
Trinity College, Melbourne, Australia. 

> Mr. MELVIN DEARDEN has left Messrs. Hall and Pickles, 
Ltd., to join the Skefko Ball Bearing Co., Ltd., Luton, 
as assistant metallurgist. 

> Mr. W. Dorr has left the Metallurgical Department 
of the University of Witwatersrand, to join the Diamond 
Research Laboratory, Johannesburg. 

> Mr. T. M. Exxior, chief metallurgist, Arthur Lee and 
Sons, has been appointed a special director of the 
company. 

> Dr. HucH Forp has been awarded the degree of 
D.Se.(Eng.) of London University. 

> Mr. P. K. Grepuity of the Field Trials team of the 
Iron Making Division of B.I.8S.R.A., Corby, has been 
awarded the degree of Ph.D of Sheffield University. 

> Mr. J. G. Harris has left the University of Birming- 
ham to become assistant metallurgist of Messrs. James 
Booth and Co., Ltd., of Birmingham. 

> Mr. R. H. Harriss, previously consulting mechanical 
engineer with Messrs. Rance Colley and Co., Ltd., is 
now managing director of Messrs. R. H. Harriss (Pty.), 
Ltd., 701-708, Manlin House, 17, Harrison Street, 
Johannesburg. 

> Professor P. E. Kye, until recently Professor of 
Applied Metallurgy, has been appointed Frances Nor- 
wood Bard Professor of Metallurgy, and Assistant 
Director, at the School of Chemical and Metallurgical 
Engineering, Cornell University, Ithaca, N.Y. 

> Mr. G. Lucas has left the University of Leeds to 
become a research student at King’s College, Newcastle- 
on-Tyne. 

> Mr. D. S. McGrecor has been appointed Head of the 
Mechanical Engineering Department of Nottingham 
and District Technical College. 

> Mr. R. P. MippLeTon has resigned his position as 
general manager and director of Messrs. F. H. Wheeler 
(Sheffield), Ltd. 

> Mr. D. C. Moore has left the research department of 
Tube Investments (Group Services), Ltd., Birmingham, 
to become a research student of the Welding Research 
Team of the Aluminium Development Association, 
University of Birmingham. 

> Mr. A. Morris has left the Northern Aluminium Co., 
Ltd., Cardiff, to join the Aluminium Wire and Cable 
Co., Ltd., Swansea, as metallurgist. 

> Mr. G. Murrirt is relinquishing his position as chief 
chemist to the B.S.A. Group Research Centre and to 
Messrs. Wm. Jessop and Sons, Ltd., Sheffield, to take 
up a senior appointment with Metals and Methods, Ltd., 
Langley, Bucks. 

> Mr. J. G. PeEARcE has been awarded the honorary 
degree of Dr. Ing., by the Senate of the Rheinisch- 
Westfilische Technische Hochschule, Aachen. 


> Mr. S. RamMamurtuy has been appointed assistant 
professor, College of Mining and Metallurgy, Benares 
Hindu University, India. 

> Mr. G. W. Ricsy of the steel section of The British 
Oxygen Co., Ltd., is taking up an appointment at the 
Head Office of that Company, Grosvenor House, Park 
Lane (6th floor), W.1. 

> Mr. L. D. Rositn has resigned his position as test- 
house supervisor at Messrs. Richard Thomas and 
Baldwins, Ltd., Port Talbot, to become assistant chief 
inspector at Reynolds Rolling Mills, of Birmingham. 
> Mr. L. L. Ross is now Technical Director of Messrs. 
Elliott Brothers (London), Ltd., of Lewisham, London, 
8.E.13. 
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> Dr. ADAM SKAPSKI1 is now at the Brace Laboratory of 
Physics, the University of Nebraska, at Lincoln, 
Nebraska, U.S.A. 

> Mr. R. W. Tuomas has left Messrs. David Brown and 
Sons (Huddersfield), Ltd., and has joined the staff of 
K. and L. Steelfounders and Engineers, Ltd., of Letch- 
worth, Herts. 

> Mr. H. J. THompson, estimating engineer, Messrs. 
Foundry Equipment Ltd., was appointed sales manager 
from Ist September, 1948. 

> Mr. A. J. P. Tucker has been awarded the Degree of 
Ph.D. (Cantab.) for his thesis on ‘‘ Corrosion and Film 
Formation,” and has left Cambridge to take up an 
appointment with IL.C.I., Ltd., Billingham, under 
Dr. N. P. Inglis. 

> Mr. A. ULUBAY is now studying metailurgy at Lehigh 
University, Bethlehem, Pa., U.S.A. 


New Year Honours 

Colonel P. G. J. Gueterbock, D.S.O., M.C. (Honorary 
Member of Council, 1947—48) has received the K.C.B. 

Mr. J. Mitchell (Honorary Treasurer) has received the 
C.B.E. 

Colonel W. C. 
C.B.E. 


Devereux, Member, has received the 


Awards 

Mr. J. A. Kivay and Mr. W. G. CAMERON have been 
awarded a Premium by the Institution of Engineers 
and Shipbuilders in Scotland, for their paper ‘‘ Recent 
Developments in Steel Processing.” 

Dr. J. Taytor has been awarded the Riley Medal by 
the West of Scotland Iron and Steel Institute, for his 
paper, ‘‘ Effect of Operating Conditions on Type of 
Reduction and Carbon Rates in the Blast Furnace.” 

The following Members of The Iron and Steel Institute 
have received the Distinguished Service Award of the 
American Society for Metals : Robert S. Archer, Edgar 
C. Bain, Quincey Bent, Benjamin F. Fairless, C. B. 
Francis, H. W. Gillett, Frank P. Gilligan, Norman P. 
Goss, H. W. Graham, Marcus A. Grossman, T. W. Hardy, 
Augustus B. Kinzel, Harry W. McQuaid, J. H. Parker, 
C. F. Pascoe, Adolph O. Schaefer, Robert B. Schenck, 
Martin H. Schmid, Benjamin F. Shepherd, Earle C. 
Smith, Howard Stagg, Bradley Stoughton, Jerome 
Strauss, Henry H. Timken, jun., Clyde Williams. 


Obituary 
Professor CHARLES YANCY CLAYTON, of the Missouri 
School of Mines and Metallurgy, University of Missouri, 
on 27th June, 1948, in Rolla, Missouri, aged 57. 
Mr. GrEorGE Rupp Tuompson, F.R.I.C., F.C.S., 
Governing Director of Messrs. G. Rudd Thompson and 
Partners, Ltd., on 3rd November, 1948. 


CONTRIBUTORS TO THE JOURNAL ; 


C. C. Hodgson, A.Met., F.I.M.— Chief Metallurgist, Ley- 
land Motors, Ltd. Mr. Hodgson was educated at Rother- 
ham Grammar School. On leaving school he spent some 
years in the laboratory of Messrs. Steel, Peech and Tozer 
and in the laboratory and works of William Jessop 
and Sons, Ltd. In 1918 he moved to Leyland Motors 
(1914) Ltd., to take charge of electric _steel-melting 
furnaces at their Farington Foundry, and in 1920 relin- 
quished this position to take charge of the general 
laboratory. He was appointed assistant chief metall- 
urgist to Leyland Motors, Ltd., in 1923, and chief 
metallurgist to the company in 1926. Mr. Hodgson was 
awarded the Associateship in Metallurgy at Sheffield 
University in 1917. 
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P. R. Pallister C. C. Hodgson 


P. R. Pallister, Ph.D.—Senior assistant in the Physics 
Department, Woolwich Polytechnic. Dr. Pallister 
graduated at London University in 1930 with first-class 
honours, and subsequently joined the staff of the 
National Physical Laboratory where he undertook 
research on radiology and heat. In 1948 he received 
the degree of Ph.D. of London University and took up 
his present post at Woolwich Polytechnic. 

A. V. Brancker, Ph.D.—Senior Scientific Officer, 
B.LS.R.A. Dr. Brancker graduated at Birmingham 
University and has carried out research in petroleum 
technology, solvent extraction and chemical thermo- 
dynamics. He has been Physical Chemist at Imperial 
Chemical Industries Distillers Company, Ltd., and Senior 
Research Chemist, Manchester Oil Refinery. 


W. H. Alvey.—Chief engineer, English Steel Corpora- 
tion. Mr. Alvey was educated 
at Sheffield University and 
served his apprenticeship at 
Messrs. Cammell Laird and 
Co., Ltd., Grimesthorpe and 
Cyclops Works. He was 
appointed chief draughts- 
man in 1923, and was trans- 
ferred to the Vickers Works 
in 1929, on the amalgam- 
ation of the steel interests of 
Messrs. Cammell Laird and 
Co., Ltd., and Vickers-Arm- 
strongs, Ltd., to form the 
English Steel Corporation. 
In 1936 he was appointed 
to his present position. W. H. Alvey 


L. H. W. Savage, M.Sc., F.R.1.C.—Head of the 
Fuel Technology Section, Plant Engineering Division, 
B.I.S.R.A. Mr. Savage graduated in 1931 with an 
honours degree in chemistry of London University and 
was awarded the degree of M.Sc. in the following year. 
From 1928 to 1934 he was employed at the Fuel Research 
Station and then joined Messrs. H. A. Brassert and Co. 
Ltd., working mainly on problems of carbonization. 
Mr. Savage took up his present appointment with 
B.1LS.R.A. in July 1946. 


H. G. Baron, B.Sc., L.I.M.—is doing post-graduate 
work at the Department of Metallurgy, Manchester 
University. Mr. Baron was born in 1924 and was 
educated at Ashville College, Harrogate, and proceeded 
to Manchester University where he gained the degree 
of B.Se. (metallurgy and chemistry). He joined the 
laboratory staff of Messrs. Leyland Motors, Ltd., in 
1943, where he remained until 1948, when he took up 
his present work at Manchester University. 
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IRON AND STEEL ENGINEERS GROUP 
Joint Meeting at Workington 


A Joint Meeting of the Iron and Steel Engineers Group 
and the West Cumberland Society of Chemists and 
Engineers will be held at the Technical College, Working- 
ton, on Friday, 25th February, 1949, at 7.0 p.m. A 
talk will be given by Mr. 8. G. Coade, of Messrs. Dorman, 
Long and Co., Ltd., on ‘‘ Present Practice in Blast- 
Furnace Design and Operation in the U.S.A.” 

Mr. C. H. Kay, President of the West Cumberland 
Society of Chemists and Engineers, will be in the Chair. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Cenference on Non-Destructive Testing 


The first conference on non-destructive testing, held 
at Ashorne Hill, Leamington Spa, on 8th and 9th 
September, 1948, was opened by Dr. E. Gregory, 
Director of Research of Messrs. Edgar Allen and Co., 


Ltd., of Sheffield, who emphasized the importance of 


this type of testing. The first session included papers on 
principles, practice, apparatus, and materials used in 
X-ray and gamma-ray testing. These methods gained 
prominence during the 1939-45 war, in aircraft manu- 
facture, where, through their use, scrap was reduced 
from 60-5% on one type of casting. Dr. W. P. Grove. 
of the Radiochemical Centre, discussed the sources, life, 
energy, and cost of gamma-rays and suggested radio- 
cobalt, a by-product of atomic piles, as a possible source. 
Mr. A. R. Greatbatch, of the Armament Research 
Establishment, stated that America leads in ultra-high- 
velocity equipment, but that great strides are being 
made in Great Britain where there is at least one two- 
million volt X-ray machine. In America, the betratron 
(20 MeV), not yet in the workshop stage, has produced 
a radiograph showing, in 1]-in. steel, a hole of 4 in. 
with 5 min. exposure ; and on the same lines the syn- 
chroton is being developed in Great Britain. Germany 
and Holland specialize in transportable X-ray sets 
(150 kV). 

In the second session, papers included electromagnetic 
methods ; ultrasonic methods, industrial applications, 
and comparison with radiographic methods ; and radio- 
graphic inspection standards. 


The Physical Chemistry of Process Metallurgy 


A meeting of the Faraday Society was held from 
23rd—25th September, 1948, at Ashorne Hill, Leamington 
Spa, to discuss ‘‘ The Physical Chemistry of Process 
Metallurgy.”’ The subject was opened with an introduc- 
tory address by Sir Andrew McCance, who stressed 
the value of the fundamental researches to which the 
meeting was devoted. He contrasted our present state 
of knowledge of the physical chemistry of metallurgical 
processes with that existing at the time of the 1923 
Faraday Discussion on the Physical Chemistry of Steel- 
making. A great advance both in our knowledge and in 
its application to the winning of metals has been made 
since then, and Sir Andrew could himself confirm, as a 
steelmaker, how the modern development of the open- 
hearth process had resulted almost entirely from research 
on the physical chemistry of open-hearth reactions. 

After a further paper by Sir Charles Goodeve outlining 
the main physico-chemical principles of importance 
in process metallurgy, the subject was considered in 
three sections—metallic solutions, roasting and reduction 
processes, and slags and refining processes. Due attention 
was also paid to the difficulties which beset experiments 
conducted at very high temperatures. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





ANNOUNCEMENTS AND NEWS 


The meeting was most successful in bringing together 
workers from many laboratories both in this country 
and abroad, and in drawing their problems to the atten- 
tion and criticism of physical chemists generally. In 
particular, the United States, Sweden, France and 
Belgium were well represented. It was also heartening 
to see how prominently the element iron and its oxides 
and slags featured in the discussions. At present it 
appears to receive nearly as much attention from the 
physical chemist as all the other metals put together. 
In view, however, of the value of analogy in the develop- 
ment of scientific ideas, it is to be hoped, even by those 
concerned primarily with iron and steel, that the volume 
of published fundamental research on the non-ferrous 
side will increase greatly in the future. 

The papers and discussions will shortly be published 
by the Faraday Society, from whom they will be obtain- 
able. The papers of particular interest to those concerned 
with iron and steel were as follows : 


General 
Physico-Chemical Principles in Process Metallurgy— 
Sir Charles Goodeve’ 
Metallic Solutions 
Activities in 
Chipman 
The Activity of Sulphur in Liquid Iron—the 
Influence of Carbon—Dr. J. A. Kitchener, Dr. J. O’M. 
Bockris, and Mr. A. Liberman 
Kinetics of Nitrogen Evolution from an Iron— 
Nitrogen Interstitial Alloy—Sir Charles Goodeve and 
Mr. K. H. Jack 
Notes on the Experimental Technique of some 
Physico-Chemical Measurements between 1000 and 
2000° C.—Dr. J. A. Kitchener and Dr. J. O’M. 
Bockris 
Elimination of the Thermal Diffusion Error in 
Studies of Gas-Metal Equilibrium—Professor J. 
Chipman and Mr. M. N. Dastur. 


Metallic Solutions—Professor J. 





Roasting and Reduction Processes 
The Primary Reactions in Roasting and Reduction 

Processes—Dr. J. S. Anderson 
The Reduction of Zine Sulphide by Iron under 


Reduced Pressure—Dr. P. Gross and Mrs. M. 
Warrington. 
Slags and Refining Processes 


The Constitution and Thermodynamics of Liquid 
Slags—Dr. F. D. Richardson 

The Thermodynamic Activity of Silica and of 
Oxides in Silicate Melts—Professor M. Rey 

The Electrochemistry of Slags—1: Conduction in 
Binary Silicate Melts—Dr. J. O’M. Bockris, Dr. J. A. 
Kitchener, Mr. S. Ignatowicz, and Mr. J. Tomlinson 

The Constitution of Phases at High Temperature 
in relation to their Thermodynamic Properties— 
Dr. G. M. Willis 

Equilibrium Relationships in Systems containing 
Tron Oxide and their bearing on the Problem of the 
Constitution of Liquid Open-Hearth Slags—Mr. P. 
Murray and Dr. J. White 

The Behaviour of Oxygen in Liquid Steel during 
the Refining Period in the Basic Open-Hearth Furnace 
—Mr. S. Fornander 

The Physical Chemistry of Sulphur Removal in 
Steelmaking—Dr. P. T. Carter. 

F. D. RicHARDSON 


Conference on Foundry Core Bonding Agents 


A Conference on Foundry Core Bonding Agents, 
organized by the Steel Castings Division of the British 
Tron and Steel Research Association, was held at 
Ashorne Hill, near Leamington Spa, on 21st and 22nd 
October, 1948, under the Chairmanship of Dr. W. J. 
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Rees, O.B.E. Fourteen papers, covering many aspects of 
the subject, were presented and discussed. 


Staff 


Mr. J. M. Ripcion, now senior investigator of the 


Ironmaking Division, will undertake comprehensive 
research into beneficiation of ores not available to 


ordinary methods of concentration. 

Mr. K. E. Jermy, who joined B.I.8.R.A. in 1947 as 
Assistant Technical Secretary, has been appointed 
Technical Secretary of the Ironmaking Division. 


NEWS OF SCIENCE AND INDUSTRY 


The Royal Institute of Chemistry, London and South 
Eastern Counties Section 

At a joint meeting with the Cambridge University 
Chemical Society, and the Cambridge University Metal- 
lurgical Society, held on the 29th October, 1948, in the 
University Chemical Laboratory, Professor Austin in 
the Chair, Sir Charles Goodeve gave a lecture on ‘* Physi- 
cal Chemistry in Steel Making,” illustrated by lantern 
slides. 
physical chemistry in the industry was largely due to 
the higher temperatures and high standards required 
for the large range of types of steel in use, which necessi- 
tated the use of special pyrometers, X-ray cameras, 
electron microscopes, and radio-active tracer elements, 
he gave a short outline of the effect of recent advances 
in metal physics on slags, and the application of reaction 
kinetic studies. Indicating the determination of the 
nature and structure of metals and slags by X-ray dif- 
fraction and quantum and mechanical methods, and by 
the use of thermodynamics and the concept of chemical 
potential in relation to phases, Sir Charles said it was 
hoped to introduce a simple means of calculating 
quantitative changes on the basis of the capacity of a 
particular phase to accept a given species at a particular 
temperature. <A lively discussion followed. 


Conference on Pre-Stressed Concrete 

A Conference on Pre-Stressed Concrete, under the 
auspices of The Institution of Civil Engineers and the 
Joint Committee on Materials and Their Testing, will 
take place at The Institution of Civil Engineers, on 
Wednesday, 16th February, 1949, from 11 a.m. to 12.30 
p.M. and from 2 P.M. to 4 P.M. The opening paper, by 
Dr. F. G. Thomas, will give a comprehensive review of 
the subject, after which there will be a general discussion. 
{t is hoped that a limited number of advance proofs of 
Dr. Thomas’s paper will be available for those who 
intend to participate in the discussion. 

A buffet lunch will be provided at a small charge. 

An invitation to attend the Conference is extended to 
all members of Institutions and Societies which are 
represented on the Joint Committee on Materials and 
Their Testing (including The Iron and Steel Institute). 
The Institution of Civil Engineers has kindly extended 
an invitation to those who attend the Conference to 
attend the meeting at The Institution on the previous 
evening, Tuesday, 15th February, 1949, at 5.30 P.M., 
when Professor G. Magnel will deliver a lecture on 
* The Applications of Pre-Stressed Concrete in Belgium.” 


Postponement of Lectures on Industrial Metallurgy 


Tie second series of lectures on Industrial Metal- 
lurgy for men in executive positions in industry, which 
were to have been given in the Spring of 1949, in the 
School of Industrial Metallurgy, University of Birming- 
ham, will not be given until the next session, owing to the 
serious illness of Professor Aitchison and the additional 
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work for the other lecturers of the department, caused 
by his absence. The subject of the lectures and othe: 
arrangements will be announced later. 


The Commonwealth Fund Fellowships 
Commonwealth Fund Fellowships, tenable for one yea: 
in the United States, are open to men and women, uni 
versity graduates or students, and higher rank and over- 
seas civil servants; and are intended to provide education. 
travel and mutual friendship between Great Britain and 
the United States. Particulars can be obtained from the 
Secretary of the Committee of Award, Commonwealth 
Fund Fellowships, 35, Portman Square, London, W.1. 


Dr. H. J. Van Der Bijl 

Dr. Hendrik Johannes Van Der bijl, research physicist, 
died on 2nd December, 1948, at the age of 60. Born in 
Pretoria, he studied at Stellenbosch and Leipzig Uni- 
versities, and was Instructor in Physics in Dresden. In 
1928 he became Chairman of the South African Iron and 
Steel Industrial Corporation, and in 1939 a Director on 
the South African local Board of Barclays Bank, Ltd. 
(Dominion, Colonial, and Overseas). From 1939 to 1942 
he was Director-General of War Supplies, South Africa ; 
he was also Chairman of the Industrial Development 
Corporation of South Africa. 


Memoranda 


As from Ist January, 1949, the address of the Davum 
Steel Co., Ltd., is Drayton House, Gordon Street, London, 
W.C.1. 

Associated Lead Manufacturers, Ltd. 

As from Ist January, 1949, the businesses of the follow- 
ing companies, which have for many years been closely 
associated, are amalgamated: A. T. Becks and Co., 
Ltd. ; the Cookson Lead and Antimony Co., Ltd; 
the Librex Lead Co., Ltd. ; Locke, Lancaster, and W. W. 
and R. Johnson and Sons, Ltd. ; the London Lead Oxide 
Co., Ltd.; the Oidas Metals Co., Ltd; and Walkers, 
Parker and Co., Ltd. 

Rockwell Machine Tool, Co., Ltd. 

Mr. H. A. Chambers, who from 1940—45 was Assistant 
Controller of the allocation of Machine Tools, Ministry 
of Supply, joined the above Company as General Manager 
on Ist December, 1948. 

Bristol’s Instrument Company, Ltd. 

On 10th December, 1948, Bristol’s Instrument Com- 
pany, Ltd., moved to a newly built factory at Wey- 
mouth, Dorset, which is now the Head Office. Part of the 
old works is retained as the London office. 


DIARY 
7th Feb.—CLEVELAND INSTITUTION OF ENGINEERS 
** Recovery and Utilisation of Sensible Heat from 
Hot Coke,” by F. Pearson—Cleveland Scientific and 
Technical Institution, Corporation Road, Middles- 
brough, 6.30 P.M. 


8th Feb.—InstTITUTE OF MARINE ENGINEERS—‘*‘ Cor- 
rosion of Turbine Journals,” by S. E. Bowrey 
85, The Minories, London, E.C.3, 5.30 P.M. 

8th Feb.—Exsspw VALE METALLURGICAL SOCIETY 
* Some Aspects of Blast- Furnaces,” by J. 8. Blair 
Lesser Workmen’s Hall, Ebbw Vale, 7.0 p.m. 

9th Feb.—THE NEwcomMEN Socrety—‘ Early Rail- 


ways in Derbyshire,’ by B. Baxter—Science 
Museum, Exhibition Rd., S.W.7, 5.30 p.m. 

10th Feb.—InstirureE or Wetpina (Sheffield and 
District Branch)—‘‘Recent Researches in the Weld- 
ing of Steel,” by J. G. Ball—Royal Victoria Station 
Hotel, Sheffield, 6.30 P.M. 
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10th Feb.—InstituteE or Merats (London Local 
Section)—‘‘ Metallic Corrosion,” by T. P. Hoar— 
4, Grosvenor Gardens, London, 8.W.1—7.0 P.M. 

14th Feb,—INstITUTE OF BRITISH FOUNDRYMEN (Shef- 
field Branch)—‘* The Manufacture and Application 
of Coupler Castings,” by J. H. Pearce and G. D. 
Whitehouse—Royal Victoria Station Hotel, Shef- 
field, 7.30 P.M. 

16th Feb.—InstituTe oF Fue. (Yorkshire Section)— 
** Atomisation of Liquid Fuels for Combustion,” 
by J. R. Joyce—The University, Leeds, 2.30 P.M. 

16th Feb,—MANcHESTER METALLURGICAL SocieTY— 
‘* Electrodegposition for Engineering Purposes (not 
Decorative),”” by A. W. Hothersall—Engineers’ 
Club, Albert Square, Manchester, 6.30 P.M. 

16th Feb.—InstituTE oF WELDING (West of Scotland 
Branch)—Discussion on the ‘ Welding of Light 
Cold Rolled Sections,’’ opened by M. Hudson and 
D. L. Bates—39, Elmbank Crescent, Glasgow, 
7.0 P.M. 

17th Feb.—CuemicaL Society—‘ Corrosion: The 
Study of Surface Reactions on Metals,” by W. H. J. 
Vernon—Department of Chemistry, University 
College of North Wales, Bangor, 5.30 P.M. 

18th Feb.—InstituTe or Merats (Birmingham Local 


Section)—All-Day Symposium on “ Techniques of 


Metallurgical Investigation ’’’—Chamber of Com- 
merce, New Street, Birmingham, 6.30 P.M. 

[8th Feb.—WeEst or ScortanD IRON AND STEEL 
Steet Instrrute—‘‘ The Hardening Operation 
in the Heat- Treatment of Steel,” by Q. C. McMillan 
—39, Elmbank Crescent, Glasgow, 6.45 P.M. 

19th Feb.—SwansEA AND District METALLURGICAL 
Socrety—‘ The Casting of Steel Ingots,” by J. N. 
Kilby—Lecture Room, Central Library, Alexandra 
Road, Swansea, 6.30 P.M. 

21st Feb.— INSTITUTE OF WELDING (Joint meeting with 
the Electrodepositors’ Technical Society)—** The 
Welding, Brazing, and Soldering of Coated Metals,” 
by E. V. Beatson—The Institution of Civil 
Engineers, Great George Street, S.W.1, 6.0 P.M. 

22nd Feb.,—THE InstTITUTION OF ENGINEERS AND SHIP- 
BUILDERS IN Scortanp—‘‘ Thermal Efficiency in 
Industry by Combined Power and Heating,” by T. B. 
Maxwell—39 Elmbank Crescent, Glasgow, 6.30 
P.M. 

24th Feb.—InstTITUTION OF WorKS MANAGERS (London 
Branch)—** Statistical Methods and Production,” by 
B. P. Dudding—Waldorf Hotel, London, 6.45 p.m, 


24th Feb.—MIpDLAND METALLURGICAL SOcIETIES— 
‘* Modern Methods of Metallurgical Analysis,” by 
E. J. VaucHan—James Watt Institute, Great 
Charles Street, Birmingham, 6.30 P.M. 

2nd Mar.—MANCHESTER METALLURGICAL Socirery— 
Annual General Meeting : “‘ Metallurgical Problems 
Involved in the Manufacture of Components for Jet 
Engines,’ by C. G. Conway—Engineers’ Club, 
Albert Square, Manchester, 6.30 P.M. 

3rd Mar.—LIveERrPooL METALLURGICAL Soctety— 
** Practical Significance of Solution and Diffusion 
of Gases in Metals,” by C. J. Smithells—9, The 
Temple, 24, Dale Street, Liverpool, 7.0 P.M. - 

3rd Mar.—LEEDS METALLURGICAL Society.—‘* Metal- 
lurgical Prcblems in the Field of Atomic Energy,” 
by E. W. Colbeck—Chemistry Department, the 
University, Leeds, 7 p.m. 

3rd Mar.— MIDLAND METALLURGICAL SocretTres—‘‘ The 
Technical Significance of the Sigma Phase,” by 
D. A. Oliver—James Watt Institute, Great Charles 
Street, Birmingham, 6.30 P.m. 
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5th Mar.—NEwrport AND DISTRICT METALLURGICAL 
Socrery—‘‘ Research and the Steel Industry,” by 
W. R. Maddocks—Newport Technical College, 
6.30 P.M. 

7th Mar.—CLevELAND INSTITUTION OF ENGINEERS— 
Paper presented by 8S. G. Coade—Cleveland Scientific 
and Technical Institution, Corporation Road, 
Middlesbrough, 6.30 P.M. 

8th Mar.—TuHE InstiruTION OF ENGINEERS AND SHIP- 
BUILDERS IN ScoTLAND—“ Induction in Heating,” 
by T. G. Tanner—39, Elmbank Crescent, Glasgow, 
6.30 P.M. 

9th Mar.—Essw VALE METALLURGICAL Socrety (Joint 
meeting with The Iron and Steel Institute)—‘‘ Engi- 
neering Aspects of Modern Steelworks Producing 
Wide Strip,” by W. F. Cartwright—Rational Hal}, 
Ebbw Vale, 6.45 P.M. 

9th Mar.—THE NEwcoMEN Socrety—‘“‘ Colliery Tram- 
roads in Northumberland,” by C. E. LeE—The 
Institution of Civil Engineers, Great George St.. 
S.W.1, 5.30 P.M. 

10th Mar.—InstituTE OF WELDING (South London 
Branch)—‘‘ The Reclamation of Worn Surfaces by 
Electrodeposition, Metal-Spraying, and Welding,” 
by R. A. Hammond, R. Dickinson, and B. R. 
Byrne—85-88, The Minories, London, E.C.3, 6.30 
P.M. 

10th Mar.-—INsTITUTION OF WorkKS MANAGERS (Wem- 
bley Sub-Branch)—* Industrial Safety,” by F. W. 
Doxey—Rest Hotel, Kenton, 12.30 p.m. 








TRANSLATION SERVICE 


The previous announcement was made in the January. 
I : } 
1949, issue of the Journal, p. 48.) 


TRANSLATIONS AVAILABLE 
No. 370 (German). K. Darves and W. HoLTMANN : 
‘The Behaviour of Nitrogen in Acid and Basic 
Side-Blown Converters.” (Verein deutscher 
Eisenhiittenleute, Diisseldorf, Confidential Re- 
port No. 62 (1944).) 


No. 371 (German). H. REINFELD : ‘“‘ The Production of 


Ferro-Manganese from Low-Grade Ores.”’ (Stahl 
und Hisen, 1948, vol. 68, Jan. 29, pp. 39-43.) 

No. 372 (Russian). I. Ya. Tarnovskty : ‘ The Caleu- 
lation of Mean Reduction in Pass Rolling.” 
(Stal, 1948, No. 3, pp. 232-240.) 


Translation No. 366, ** Flow Processes in the Hearth of 
Open-Hearth Furnaces,” by F. Kofler and G. Schefels, 
was translated by Mr. R. Sewell and made available 
through the courtesy of the Research and Development 
Department, The United Steel Companies, Ltd., Stocks- 
bridge, near Sheffield. 


TRANSLATION WITHDRAWN 

The translation of the paper by W. Soete entitled 
‘*The Determination of Internal Stresses’ (Metalen, 
1948, vol. 2, July, pp. 231-245), previously announced 
as in course of preparation, has been withdrawn. 

CHARGES FOR CoPries OF TRANSLATIONS.—For the 
above translations a charge will be made of £1 for the 
first copy and 10s. for each additional copy of the 
same translation. Requests should be accompanied by 
a remittance. The above translations are not available 
on loan from the Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST.— 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether the translations can be prepared for 
inclusion in the Series. 
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WELDING AND FLAME-CUTTING 


ORES—MINING AND TREATMENT 


Recent Aspects of the Opening Up and Mining of the Salz- 
gitter Ores. H. Prause. (Zeitschrift fiir Erzbergbau und 
Metallhiittenwesen, 1948, vol. 1, May, pp. 33-42). 

The Economic Aspects of Hard-Metal Rock-Drilling. 4H. 
Jeschke. (Zeitschrift fiir Erzbergbau und Metallhiittenwesen, 
1948, vol. 1, Sept., pp. 168-176). Comparisons are made 
between rock-drilling data using steel and hard-metal bits 
with special reference to costs and drilling speeds. Hard- 
metal bits show greater drilling economy in the harder 
rock, particularly rock containing quartz. With increasing 
rock hardness the drilling speed falls more rapidly with steel 
bits than with hard-metal bits. Drill maintenance is also 
dealt with.—Rr. A. R. 

The Transport of Ore from the Mine to the Consumer or 
Shipping Port. S.-E. Karlén and 8. Kamph. (Jernkontorets 
Annaler, 1948, vol. 132, No. 10, pp. 315-366). [In Swedish]. 
The first part of the paper deals with ore transport from the 
miner’s point of view. The first author states that the influence 
of transport problems is not limited only to equipment for 
loading, stocking, and drying, but has a bearing upon the 
entire process of treatment and planning of the mining plant. 
The problems of lump size, spilling and dusting of concentrates, 
freezing and stocking of ore and concentrates, ore dressing, 
and planning of the mine, are specially discussed with regard 
to external transport requirements. 

In the second part, the ore transport problems are analysed 
from the point of view of the concern undertaking the trans- 
port. The second author shows in a series of synoptic maps 
the methods of transport in Sweden of iron ore and non- 
ferrous ores for the home market and for export. The reasons 
for the choice of different means of transport are discussed, 
and some notes are given on the problems of loading in railway 
cars and unloading at the steelworks or into ships, and on the 
tax policy of the railways. 

Roasting and Reduction Processes—A General Survey. 
C. W. Dannat and H. J. T. Ellingham. (Faraday Society, 
General Discussion on Physical Chemistry of Process Metal- 
lurgy, Sept. 23-25, 1948, Preprint). Many factors influencing 
the selection of a sequence of processes for extracting metals 
from minerals, the application of free-energy data in this 
respect, and the mechanism and rate of reactions in extraction 
processes are considered. Roasting (including sulphating, 
flash, and volatilizing roasting) and reduction processes are 
also dealt with.—R. A. R. 

The Primary Reactions in Roasting and Reduction Processes. 
J. 8. Anderson. (Faraday Society, General Discussion on 
the Physical Chemistry of Process Metallurgy, Sept. 23-25, 
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1948, Preprint). When a molecule of hydrogen or of carbon 
monoxide is chemisorbed on a metal oxide it is bound by 
interaction with oxide anions of the surface and additional 
valence electrons must be accommodated in the crystal 
lattice, and it may be bound by lowering the valence of one 
or more cations. Similarly, in oxidation processes, the chemi- 
sorption of oxygen withdraws electrons from the crystal 
lattice, generally by raising the valence of an appropriate 
number of cations. The localized excess electrons and the 
positive holes, created respectively in these two processes, 
constitute impurity centres which confer electronic conduc- 
tivity on the solid compound. The chemisorption of oxygen 
and hydrogen thus confers semi-conducting properties on the 
substrate. Study of this semiconductivity provides informa- 
tion supplementing that based on adsorption. The present 
paper summarizes evidence derived from studies of semi- 
conduction in oxide and sulphide systems, carried out at the 
University of Melbourne.—k. A. R. 

Development of Sintering and Utilization of Sintered 
Iron Ores in Sweden. E. Brauns. (Boletim da Associacio 
Brasileira de Metais, 1948, vol. 4, Jan., pp. 29-35). 

Note on the Problem of Determining Results in the Concentra- 
tion of Siegerland Spathic Iron Ore. H. Gleichmann and 
K. H. Zepter. (Zeitschrift fiir Erzbergbau und Metall- 
hiittenwesen, 1948, vol. 1, Sept., pp. 178-182). Using data 
obtained from a large number of analyses of Siegerland spathic 
iron ore as mined and after roasting, diagrams are presented 
for the rapid determination of the iron content of roasted 
ore from the iron, manganese, and silica contents of the raw 
material.—R. A. R. 

Ore-Dressing Laboratory at the United Steel Companies, Ltd. 
(Journal of The Iron and Steel Institute, 1948, vol. 160, Nov., 
pp. 310-314). A description is given of the ore-dressing 
laboratories of the United Steel Companies, Ltd., at Rother- 
ham where extensive research on two main problems is in 
progress. These problems are : (1) Whether the barytes could 
be removed from Cumberland hematite ore, and (2) whether 
the slag-forming constituents of the Frodingham and North- 
ants ironstones could be eliminated.—R. A. R. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Continuous Metallic Recuperators and their Applications 


in Ferrous Metallurgy. J. Szczeniowski. (Chaleur et Industrie 
1948, Oct., vol. 29, pp. 225-240). The work of various 


investigators on the problems connected with the uses of 
recuperators are reviewed and modern practice for metallic 
recuperators is surveyed.—k. F. F. 
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Improved Design of Metallic Recuperator. F. D. Hazen. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 85-90). See Journ. I. and 8.I., 1947, vol. 156, June, 
p- 308. 

Modern Mechanized Mining and Coal Preparation for 
Metallurgical Coal. J. Griffen. (Yearbook of the American 
Iron and Steel Institute, 1948, pp. 130-161). See Journ. I. and 
S.I., 1948, vol. 160, Dec., p. 435. 

Development in Burning Pulverized Coal. F. L. Dombrook, 
B. T. Cross, E. M. Powell, and W. A. Pollock. (Combustion, 
1948, vol. 19, June, pp. 32-41 : [Abstract] Monthly Bulletin 
of the British Coal Utilisation Research Association, 1948, 
vol. 12, Aug., p. 299). The development of pulverized coal 
firing is surveyed. Particular reference is made to the Port 
Washington Station in which high-moisture coal is used. 

Proper Sizing, Screening and Preparation of Blast Furnace 
Coke. D. P. Cromwell and C. A. Covington. (Yearbook 
of the American Iron and Steel Institute, 1948, pp. 162-168). 
See Journ. I. and §.I., 1948, vol. 160, Dec., p. 435. 

The Current Coke Situation. S. Weiss. (American Gas 
Association, Joint Production and Chemical Committee Con- 
ference Paper, May, 1948 : [Abstract] Monthly Bulletin of the 
British Coal Utilisation Research Association, vol. 12, Aug., 
p. 295). Present coke-oven capacity in the U.S.A. is roughly 
76 million tons of coke (110 million tons of coal) per year ; 
about 20% of this has been constructed within the past five 
years and about 50% consists of ovens over 20 years old. 
Good coking coals are in short supply and vigorous action to 
eonserve such coals is urged. 

The Lump Density of Coke. A. E. Reif. (Journal of the 
Institute of Fuel, 1948, vol. 22, Oct., pp. 24-31). The theoreti- 
cal basis for the existence of a true lump density of a porous 
material is discussed and a new method for its determination 
is described. A test for the routine determination of the 
lump density of coke for use at industrial laboratories has 
been standardized and the case for a composite shatter, 
bulk-density, and lump-density test has been examined. 

Methods of Taking Samples of Metallurgical Coke. P. A. 
Shchukin. (Zavodskaya Laboratoriya, 1948, vol. 14, Aug., pp. 
957-962. [In Russian]. The results of tests on the mechani- 
cal and chemical properties of samples of coke taken from 
different portions of the same heap are presented. The 
variation in these results from sample to sample is shown to 
be so great as to make this method of sampling unreliable. 
The possibilities of taking samples from a moving stream of 
coke are discussed and details are given of a method which 
has been used for sampling coke falling from grizzly bunkers 
at a blast-furnace plant. In this method an iron box, capable of 
holding about 20 kg. of coke, is moved through the coke 
stream. The box is suspended from a trolley which moves on 
rails from the working platform up to the grizzly. The 
results obtained by this method are shown to be considerably 
less variable that those from heap sampling.—-s. kK. 

Increasing Gas Production from Coke Oven Plants. W. C. 
Wardner. (American Gas Association, Joint Production and 
Chemical Committee Conference Paper, May, 1948 : [Abstract] 
Monthly Bulletin of the British Coal Utilisation Research 
Association, vol. 12, Aug., p. 295). Brief descriptions are 
given of methods in current practice, including bulk-density 
control, underfiring with substitute gases, and the carboniza- 
tion of cannel coal. In the last case the coke was weaker 
than usual, though suitable for water-gas production. 

Gas Control in an Integrated Steelworks. (Coke and Gas, 
1948, vol. 10, Oct., pp. 347-353). An illustrated description 
is given of the system for controlling coke-oven and blast- 
furnace gas supply and consumption at the Corby works of 
Stewarts and Lloyds, Ltd.—r. a. R. 

Retorts for the Dry Distillation of Fuel in the Determination 
of the Products of Low-Temperature Carbonization. A. A. 
Maurakh. (Zavodskaya Laboratoriya, 1948, vol. 14, Aug., 
pp- 1008-1009). [In Russian]. A brief description is given of 
the production of pressed aluminium laboratory retorts 
for the dry distillation of 20-g. samples of solid fuel at tempera- 
tures up to 600° C. The metal used had the following composi- 
tion : Cu 0-10% ; Si 0-13% ; Fe 0-23% ; balance aluminium. 

Ss. K. 

Increased Benzole Yields from Coke Ovens. G. Cellan-Jones. 
(Coke and Gas, 1948, vol. 10, Sept., pp. 317-321). The gases 
and vapours liberated during coking are initially of a paraf- 
finoid character and acquire a benzenoid structure during 
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their passage up the heating walls ; if the oven tops are too 
cool, the paraffins are not modified in this fashion, if they are 
too hot or the gas remains in the hot zone too long, the hydro- 
carbons decompose with deposition of carbon and a loss in 
benzole yield. The author’s system for obviating this consists 
of introducing clean, cool, end gas into the crown of the oven 
at the proper time and in sufficient quantity to reduce the 
temperature to 700°-800°C. Tests at a Durham coking 
plant, and on a new battery of silica ovens installed at Cargo 
Fleet, gave an increase of yield of about 14%. It is indicated 
that in addition, there must be a reduction in roof carbon, 
less dissociation of ammonia, and a lower free carbon content 
in the tar, leading to a higher yield of oils on subsequent 
distillation. Additional costs are stated to be small, and the 
capital costs of the instailation nominal.—4. P. s. 

Progress Report on Mixed Gas Research Project TL-l. 
J. F. Anthes. (American Gas Association, Joint Production 
and Chemical Committee Conference Paper, May, 1948: 
[Abstract] Monthly Bulletin of the British Coal Utilisation 
Research Association, 1948, vol. 12, Aug., p. 296). An investi- 
gation of the interchangeability of fuel gases with base-load 
manufactured gas (e.g., from coke ovens) is reported. 


TEMPERATURE MEASUREMENT AND CONTROL 


An Automatic High-Frequency Temperature Regulator. 
R. A. Firdman and V. 8. Pellinets. (Zavodskaya Labora- 
toriya, 1948, vol. 14, Sept., pp. 1139-1141). [In Russian]. 
An automatic H.F. regulator is described which can maintain 
a temperature of up to 350° C. constant within -+ 2° despite 
fluctuations in the voltage between 190 and 220 V.—-s. k. 

The Influence of Smoke and Atmospheric Absorption on 
Optical Pyrometry in Steelworks. J. A. Hall. (Journal of 
The Iron and Steel Institute, 1948, vol. 160, Nov., pp. 271— 
276). Measurements have been made on the absorption of 
the atmosphere in a steel foundry and an open-hearth melting 
shop. The optical density of a 10-ft. column of air has been 
found to vary between 0-004 and 0-03, corresponding to an 
error of from 1° to 8° C. in an optical-pyrometer observation 
at 1450° C. Smoke arising from tapping or teeming operations 
may give rise to errors as high as 60° C. It is suggested that the 
correction for atmospheric absorption is likely to be between 
2° and 6°C. for each 10-ft. distance between the pyrometer 
and a liquid-steel source, and the additional correction for 
local smoke will probably lie between 5° and 15° C., provided 
that the observer is experienced and takes care to sight in a 
direction which will make ‘the effect of smoke as small as 
possible. 

Notes on the Experimental Technique of Some Physico- 
Chemical Measurements between 1000° and 2000°C. J. A. 
Kitchener and J. O’M. Bockris. (Faraday Society, General 
Discussion on the Physical Chemistry of Process Metallurgy, 
Sept. 23-25, 1948, Preprint). This is a critical review of the 
scope and limitations of some of the techniques which have 
been found suitable for physicochemical work at tempera- 
tures in the 1000—2000° C. range. Furnaces, especially the 
molybdenum resistance furnace, are described, the applica- 
tion of thermocouple and optical pyrometers for measuring 
high temperatures and laboratory refractories, especially 
molybdenum, are discussed. Besides giving the physical and 
chemical properties of molybdenum, a welding technique 
using a carbon arc is described.—k. A. R. 

Thermostatic Bimetal. E. R. Howard. (Product Engineering, 
1948, vol. 19, Sept., pp. 106-110). Many applications of 
bimetal strip and coils for temperature control and other 
control purposes are cited and formule for calculating the 
deflection of several shapes of bimetal strip are presented. 


REFRACTORY MATERIALS 


The British Ceramic Research Association. A. E. Dodd. 
(Metallurgia, 1948, vol. 38, Sept., pp. 275-276). The British 
Ceramic Research Association has recently been formed by a 
union of the British Refractories Research Association and 
the British Pottery Research Association. An outline is 
given of some of the fields in which the new Association’s 
activities will be pursued.—R. A. R. 

Technology of Manufacture of High-Alumina Refractories 
from Technical Alumina. D. N. Poluboyarinov and R. Ya. 
Popil’skii. (Ogneupory, 1947, vol. 12, pp. 243-254 : American 
Ceramic Abstracts, 1948, vol. 31, Sept., 1, p. 205). 
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Vein Quartz as Raw Material for the Production of Dinas. 
I. 8. Kainarskii. (Ogneupory, 1947, vol. 12, pp. 301-306 : 
American Ceramic Abstracts,1948, vol. 31, Sept. 1, p. 206). 

Petrographic Data on Some Indian Refractory Materials. 
H. K. Mitra and J. C. Banerjee. (Transactions of the Indian 
Ceramic Society, 1947, vol. 6, p. 63: British Ceramic Abstracts, 
1948, July, p. 2274). Petrographic data in tabular form 
and microphotographs of some of the bricks are given. In 
major properties there is nothing to choose between Indian 
silica bricks, particularly those with lime bond, and those 
of other countries. In Indian magnesite bricks the periclase 
grains are generally small and exhibit saccharoidal structure. 
There does not seem to be an intercrystalline bond, which 
may be the cause of the lower load-bearing value for Indian 
bricks as compared with Austrian or German bricks. The 
bricks are, however, used in open-hearth furnaces in zones 
where refractoriness-under-load is not an important considera- 
tion. 

Kilns for Firing Ceramics and Refractory Products. A. 
Coulhon. (Industr. Céram., 1948, No. 385, p. 15: British 
Ceramic Abstracts, 1948, July, p. 2174). The history of 
tunnef-kiln construction is traced from the primitive system 
used by Deminuid in 1854 up to the present day. The present- 
day fuel situation in France is considered and it is concluded 
that, owing to the high cost of importing fuel oil, it is prefer- 
able to retain the gas- and coal-firing systems wherever 
possible, even at the cost of reduced output. Recent develop- 
ments in kiln construction in America are summarized. 

Mechanical Shaping of Irregular Blocks. Y. M. Zetserov. 
(Ogneupory, 1947, vol. 12, p. 199: British Ceramic Abstracts, 
1948, Aug., p. 2444). Two types of automatic press for 
shaping irregular refractory blocks are described. One 
incorporates a cam-operated lever hammer, the other a 
vertical drop-hammer. The press heads are detachable and 
can be of any required shape. 

Unfired Acid Refractories. K. A. Smirnova. (Stekol’nayer i 
Keramicheskaya Promyshlennost, 1947, No. 6, p. 17: 
British Ceramic Abstracts, 1948, July, p. 227A). A summary 
is given of a paper by Kitaigorodski and Udintsova, published 
in the Journal of Applied Chemistry, U.S.S.R., No. 1, 
1940, under the title, “ Unfired Acid Refractory Blocks 
of Marshallite.”” The blocks are composed of marshallite 
with 90-63% silica content, ground quartz sand with 97-8°%, 
silica, and Lynberets sand with 96-72% silica. Figures 
show the relationship between the mechanical stability of 
the product and the pressure under which it is pressed, and 
the relationship between both mechanical strength and acid 
resistance, and the quality and concentration of liquid 
glass present. A number of compositions are suggested. 

Silica Bricks from the Bolshe-Never Quartzite Gravels. I. S. 
Kainarsky. (Ogneupory, 1947, vol. 12, p. 210: British 
Ceramic Abstracts, 1948, Aug., p. 257A). Bricks made 
from the quartzite of this deposit generally fail under 
load at temperatures around 1600° C., but by selecting gravel 
which has a silica content of about 97%, and by grinding it 
very fine, it is possible to produce a brick which is stable up to 
1650° C. 

Silica Bricks, Their Characteristics and Manufacture. G. Vié. 
(Industr. Céram., 1948, No. 383, p. 38: British Ceramic 
Abstracts, 1948, Aug., p. 2574). A summary of the character- 
istics of present-day silica bricks and of the processes involved 
in their manufacture is given. 

Bodies of High Refractoriness for Mining Induction Furnaces. 
N. I. Voronin and E. C. Podzolova. (Ogneupory, 1947, vol. 12, 
p- 206: British Ceramic Abstracts, 1948, Aug. p. 2594). 
A report is given of an examination of two refractory 
products used for lining induction furnaces. The products are 
sold under the names “‘ Norpach”’ and ‘‘ Normagal” The 
former consists of kyanite and electrically fused corundum 
with small quantities of dextrin and aluminium sulphate or 
aluminium chloride. The latter contains 35-40% corundum, 
60-65% magnesite, and 2-3% fireclay. 

Standardization of Refractories for Blast-Furnace Linings. 
K. F. Leonov. (Ogneupory, 1948, vol. 13, p. 33: British 
Ceramic Abstracts, 1948, Aug., p. 2584). New Russian 
standards for firebricks were issued in September, 1947. 
They include raising the content of Al,O, -+ TiO, from 38% 
to 39%, lowering the Fe,O, content from 2% to 1-6%, 
raising the mechanical strength of certain types of brick, 
and lowering porosity from 21-23% to 19%. Two new 
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wedge-shaped bricks 230 x 150 x 110 x 75 mm., and 
345 x 150 x 110 X 75 mm. are added to the list of available 
bricks. 

Factors in Service Behaviour of Silica Brick. L. A. Sinith. 
(Yearbook of the American Iron and Steel Institute, 1948, 
pp. 392-414). See Journ. I. and 8.1., 1948, vol. 160, Oct., p. 219. 

Basic Bricks in the Open Hearth Furnace. V. W. Jones. 
(Yearbook of the American Iron and Steel Institute, 1948, 
pp- 415-428). See Journ. I. and 8.1., 1948, vol. 160, Oct., p. 
219, 

Properties and Performance of Open Hearth Bottoms. 
H. M. Kraner. (Yearbook of the American Iron and Stee! 
Institute, 1948, pp. 429-457). See Journ. I. and §.L., 1948, 
vol. 160, Oct., p. 219. 

Plastic Chrome Refractory Bodies. L. A. Tseitlin. (Ogneu- 
pory, 1947, vol. 12, p. 216: British Ceramic Abstracts, 1948, 
Aug., p. 257A). A review is given of the practical use of 
plastic chrome refractories in the U.S.A., and the composition 
of these bodies as used for lining furnace charging doors, is 
studied. Laboratory tests have been made in the U.S.S.R. 
on bodies made of native materials to resemble the American 
products as far as possible, but they have not so far been 
used in practice. 

Data on Indian Refractory Materials. H. K. Mitra and T. W 
Talwalker. (Transactions of the Indian Ceramic Society 
1947, vol. 6, p. 56: British Ceramic Abstracts, 1948, July, 
p- 227A). Tabulated data on Indian refractories are 
given in respect of chemical analysis, porosity, density, 
refractoriness and refractoriness-under-load, reheat, thermal 
expansion, spalling, slag-resistance, and, in some cases, of the 
carbon monoxide disintegration test. The blast-furnace 
bricks generally in use meet most of the German specification 
which calls for Al,O, content of not less than 36% and 
Fe,0, content not more than 25%. Ladle bricks contain 
more than 32% Al,O, and have a refractoriness of cone 31-32. 
Two types of bottom-pouring refractories are made, one 
having an Al,O, content of about 35°, and the other about 
45%. The tuyeres for acid-Bessemer converters generally 
have a much higher Al,O, content then British or American 
tuyeres. The adoption of more mechanical methods of 
manufacture is advocated. 


BLAST-FURNACE PLANT AND THE PRODUCTION 
OF PIG IRON 


A Note on the Varying-Turbulence Cowper Stove. D. Petit. 
Journal of The Iron and Steel Institute, 1948, vol. 160, 
Oct., pp. 131-138). There are two main principles of a varying- 
turbulence Cowper stove: (1) The turbulence must be 
feeble in the upper part so as to accumulate calories over a 
great height, and very great in the lower part so as to retain 
the calories in the stove by a sort of filter. (2) The openings 
must be large enough to avoid stoppage and to allow easy 
cleaning. Detailed tests carried out at Denain on a stove of 
this type are reported. The results obtained show the usual 
efficiency test to be insignificant and have led to a new and 
simple method of determining the optimum operating 
conditions with precision and certainty. Details are given 
of a standard Cowper stove specially designed for use with 
large-capacity blast-furnaces. 

Some Considerations in the Use of Carbon Refractories in 
Blast Furnaces. W.S. Debenham. (Yearbook of the American 
Iron and Steel Institute, 1948, pp. 459-474). See Journ. I. 
and §.1., 1948, vol. 160, Oct., p. 219. 

Reduction of Iron Ores by Blast-Furnace Gas. E. Herzog. 
(Société Francaise de Métallurgie, Oct,. 9, 1947 : Revue de 
Métallurgie, Mémoires, 1948, vol. 45, July, pp. 215-230). 
Tests on the reduction of a number of basic and acid ores 
of different types and various sinters by means of blast- 
furnace gas are reported. The heating, intended to simulate 
what happens to ore lumps in practice, took 8 hr. to reach 
900° C.; cooling in dry nitrogen took 20 min. The extent 
of reduction was determined by estimating the ferrous 
iron by the copper sulphate method ; the process and operating 
precautions are described. The extent of reduction varied 
with the type of cre and of sinter. Swelling was observed to 
be associated with the loss of chemically combined water at 
400-450° C., the dissociation of calcium carbonate between 
650° and 700° C. (special case with two ores), the reduction of 
a compound of CaO and Fe,0;, and with carbon deposition 
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at 500-600° C. A contraction was associated with the dis- 
sociation of iron carbonate at 550—-650° C., and of calcium 
carbonate between 800° and 930° C., with the reduction of 
the iron oxides and with the flow of the metal at high tempera- 
ture. Quartzite showed itself by a reversible anomaly at 550° C. 
in certain ores ; in others the SiO, was in the form of a gel, 
and the anomaly did not appear until the gel had been 
dehydrated. Minette ores were reduced more slowly after 
an oxidizing roast at 850°C.; dehydration had a similar 
but less effect. Hot swelling produces porosity, which helps 
reduction ; evolution of CO, retards it, particularly within 
lumps of ore, probably by reacting with the reduced iron, 
and deposited carbon probably acts in the inverse sense by 
reacting with CO, at 800-900° C. Under a static load and in 
a reducing atmosphere hot flow becomes sensible at 700° C. 
in siliceous ores and at 750° C. in limey ores. The reduction 
of hydrated ferric oxide is accompanied by an increase in the 
electrical conductivity from dehydration at 250° C. through 
reduction to Fe,O0, at about 500° C., and to FeO and iron 
between 500° and 750° C.—a. E. c. 

Oxygen in Ironmaking. E. De Castro. (Metallurgia Italiana, 
1947, vol. 39, July—Aug., pp. 167-179: [Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, May, p. 12). The author discusses the factors which 
justify the use of oxygen to enrich the blast in blast-furnace 
practice, the physicochemical laws governing the reactions 
which take place in the blast-furnace, temperatures in the 
stack and hearth, the different functions of coke, the use of 
Cowper stoves, blast with a high oxygen content, and possible 
developments resulting from the use of enriched blast. 

Relationship between Blast-Furnace Burden and Fuel 
Economy in Iron and Steel Works. H. Schumacher. (Iron 
and Steel Institute, 1948, Translation Series, No. 360). This 
is an English translation of a paper which appeared in Stahl 
und Eisen, 1947, vol. 66-67, Nov. 6, pp. 375-379. (See Journ. 
I. and §.I., 1948, vol. 158, Mar.,-p. 396. 

Blast Furnace Operation and the Effect of Coke Quality. 
D. Joyce. (Coke Oven Managers’ Association: Gas World, 
1948, vol. 129, Oct. 2, pp. 7-s—17-s). After outlining the 
theory of the blast-furnace process the effects of the chemical 
and physical properties of the coke on blast-furnace operations 
are considered in detail under the following sections: (a) 
Available carbon ‘and ash content of the coke ; (b) sulphur ; 
(c) phosphorus ; (d) moisture ; (e) coke porosity and structure ; 
(f) breeze content and breeze formation ; and (g) physical 
testing of coke and correlation of results with furnace opera- 
tions. Data are presented based on experience at the Consett 
Iron Co., Ltd.—R. A. R. 

The Use of Iron Ore with a High Titanium Content in the 
Blast Furnace. I. V. Chmanenkov and K. Kh. Taguirov. 
(Bulletin de l’Académie des Sciences, U.R.S.S., Classe des 
Sciences Techniques, 1947, No. 4, pp. 391-397: [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1948, vol. 5, May, p. 12). The influence of temperature 
and period of heating on iron production is noted. The iron 
obtained is analysed and the low sulphur content noted. The 
composition of the slag and gaseous products are considered. 

Desiliconisation of Blast-Furnace Iron. Effect of Roll- 
Scale and Flue-Dust Additions Compared. N. F. Dufty. 
(Iron and Coal Trades Review, 1948, vol. 157, Oct. 22, pp. 
893-895). The use of roll scale or flue dust as a means of 
pig-iron desiliconization is discussed by the author who 
cites experiments which indicate that flue dust is neither as 
efficient nor as consistent as roll scale. The view is expressed 
that desiliconization by roll scale additions is a practical 
proposition and that it should prove valuable if intelligently 
applied to British practice. The main advantages would be 
reduced fuel consumption per ton and greater output per 
furnace hour. 

The Activity of Sulphur in Liquid Iron: The Influence of 
Carbon. J. A. Kitchener, J. O’M. Bockris, and A. Liberman. 
(Faraday Society, General Discussion on the Physical 
Chemistry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
Previous experimental work on the equilibrium between 
sulphur and iron has been reviewed. It has been shown that 
solutions of sulphur in iron, of compositions between pure 
iron on the one hand and a 1 : | iron-sulphur melt on the 
other, can be treated thermodynamically in chemical equilibria 
as binary mixtures of the two extremes and that these mixtures 
exhibit normal positive deviations from Raoult’s law. 
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Indirect estimates of the influence of carbon on the activity 
of sulphur in iron are reviewed. Direct measurements have 
been made of the iron-sulphur equilibrium for melts saturated 
with graphite. Preliminary results show that saturation of 
the melt with the carbon approximately doubles the sulphur 
activity at 1560°C. The mechanism of this increase of 
activity is discussed in terms of the probable structure of the 
melts. 

Elimination of Sulphur in the Blast Furnace. D. Joyce. 
(Blast Furnace and Steel Plant, 1948, vol. 36, Oct., pp. 1207— 
1211, 1226, 1227). See Journ. I. and §.I., 1948, vol. 159, 
July, pp. 291-296. 

The Role of Manganese in the Blast Furnace. P. Thierry 
and M. Brun. (Centre de Documentation Sidérurgique, 
Circulaire d’Informations Techniques, 1946, No. 9, pp. 45-47 : 
[Abstract] Centre National de la Recherche Scientifique, 
Bulletin Analytique, 1947, Nov.—Dec., p. 2). This article 
deals with the problem of desulphurization, the importance 
of manganese as a desulphurizing agent, and the factors 
determining the manganese and sulphur content of the iron. 
Results obtained at works at Louvroil and Knutange are 
compared. When the manganese content of the iron décreases, 
the basicity index of the slag must be increased otherwise the 
sulphur content will increase. 

The Nitrogen Content of Pig Iron. T. Kootz and W. Holt- 
mann. (Stahl und Eisen, 1948, vol. 68, Oct. 7, pp. 378-383). 
Statistics on the nitrogen content of pig iron and blast-furnace 
slag are examined and related to the contents of carbon, 
manganese, silicon, phosphorus, and sulphur. The drop in 
the nitrogen content by the time the pig iron reaches the 
mixer is shown to occur by processes similar in nature to those 
relating to desulphurization. Investigations are cited which 
prove that: (1) In the blast-furnace the directly reduced 
iron takes up sulphur and nitrogen from the coke before 
taking up carbon—at 1-2% of carbon the nitrogen content is 
about 0-020% ; (2) phosphorus is reduced by the iron before 
the iron is carburized ; (3) as the carbon in the iron increases, 
the nitrogen is slowly driven out; (4) it is the reduction of 
silicon (perhaps also of titanium) which leads to marked 
increase of nitrogen in the iron as compounds capable of 
precipitation and to an increase of nitrogen in the slag.—R. A. R. 

Carnegie-Illinois Builds Two New 1500-Ton Blast Furnaces. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 756-761). See Journ. I. and §.1., 1948, vol. 159, 
May, p. 86. 


DIRECT PROCESSES 


The Reduction of Oxides of Iron as a Diffusion-Controlled 
Reaction. 8S. E. Woods. (Faraday Society, General Discussion 
on the Physical Chemistry of Process Metallurgy, Sept. 
23-25, 1948, Preprint). A critical examination is made of the 
different types of experimental method which have been 
used in investigating the gaseous reduction of iron ores, 
starting in each case with the assumption of a reaction 
rate controlled by gas diffusion to and from the reacting 
surface, in order to determine what sort of behaviour can be 
expected in each case. The reduction of hematitic ore in 
three forms is considered : (a) A bed of ore with a gas flowing 
through it; (6) individual shaped cubes of ore; and (c) a 
sample contained in a boat. Finally, the special features 
of the reduction of magnetite are discussed.—R. A. R. 

A Kinetic Study of the Dissociation of Carbon Monoxide 
Accompanying the Reduction of Metallic Oxides. A. Juliard, 
R. Rayet, and A. Ludé. (Faraday Society, General Discussion 
on the Physical Chemistry of Process Metallurgy, Sept. 23-25, 
1948, Preprint). The catalytic action exerted by various 
solid phases on the Boudouard reaction during the reduction 
of metallic oxides by carbon monoxide was investigated by 
a technique involving the continuous automatic weighing of 
the oxide sample by a small oil-damped balance enclosed in 
the gas stream, and the measurement of the rates of flow of 
(a) the steady stream of CO as it entered the reaction chamber, 
(b) the gases at the exit of the reaction chamber, and (c) the 
gases at the exit of the CO, absorber placed after the reaction 
chamber. The oxides used were NiO and Fe,0,. With the 
latter, nearly all the available CO is consumed in the first 
two stages of the reduction Fe,0, — Fe,0, > FeO — Fe. 
The CO does not undergo dissociation so long as the sample 
of oxide does not contain any metallic iron.—r. A. R. 
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Experience to Date on Iron Production by Methods other 
than Coke Blast Furnace; Direct Reduction. E. ©. Smith. 
(Yearbook of the American Iron and Steel Institute, 1948, 
pp. 302-345). See Journ. I. and §8.I., 1948, vol. 160, Oct., 
p. 220. 

Study of the Reduction of Iron Oxides by Carbon Monoxide 
in the Presence of Silicon. V. Cirilli. (Gazzetta Chimica 
Italiana, 1946, vol. 76, Sept.—Oct., pp. 331-338 : [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1947, Nov.—Dec., p. 2). The three SiO,-Fe,O0, mixtures 
studied had SiO,/Fe,0, ratios of 0-86, 1-87, and 3:89; 
they were prepared by the simultaneous precipitation of 
the hydrates followed by dehydration at 700° C. Isotherms 
of 900° 1000° and 1100° C. are traced. 

Study of the Reduction of Iron Oxides by Carbon Monoxide 
in the Presence of Alumina. V. Cirilli. (Gazzetta Chimica 
Italiana, 1946, vol. 76, Sept.—Oct., pp. 339-334 : [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1947, Nov.—Dec., p. 2). A study is presented of four mixtures of 
Al,O, and Fe,0, (with Al,O,/Fe,0, ratios of 1-10, 1-98, 
4-56, and 6-11) obtained by simultaneous precipitation of 
hydroxides. The isotherm at 900°C. is traced. Magnetic 
and X-ray study enables the reduction to be followed and the 
spinel phase (FeO.Al,0,)-magnetite, to be determined. 

Production of Sponge Iron : Gaseous Reduction of Iron 
Oxide Glomerules in a Shaft Furnace. E. P. Barrett and C. E. 
Wood. (United States Bureau of Mines, 1948, July, Report 
of Investigations 4305). This investigation forms part of a 
study by the Bureau of Mines of the possibility of using hydro- 
gen made from North Dakota lignite to produce sponge 
iron from the low-grade iron ores of Minnesota. The tests 
were made in a 1-ton-per-day shaft furnace and they demon- 
strated the feasibility of reducing agglomerated iron oxide 
in hydrogen and in water gas in a continuously operated, 
externally heated, alloy-steel shaft furnace.—nr. A. R. 

Contribution to the Study of the Preparation of Electrolytic 
Tron. H. Guillaumin. (Université Pharm., Paris, 1946, 
Thesis : [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1948, vol. 5, Apr., p. 56). After outlining 
the different methods employed to obtain electrolytic iron, 
the author indicates the method of preparation he adopted 
giving details of the bath, apparatus, and control of pH 
variations during the electrolysis. The determination of 
impurities is made by standard methods, sometimes modified. 
Spectrographic examination confirms the purity of the iron, 
and its chemical properties are briefly studied. 


PRODUCTION OF STEEL 


The Nitrogen Content of Basic-Bessemer Steel and Pig Iron. 
EK. Eickworth. (Stahl und Eisen, 1948, vol. 68, Oct. 7, pp. 
383-387). Details are given of several trials at the works of 
Hoesch A.G. to ascertain the effect of keeping basic iron in the 
mixer for different times, and of slow and hard driving of 
the blast-furnace, on the nitrogen content of the Bessemer 
steel made from it. With harder blast-furnace driving and 
increased mixer throughput the nitrogen in the steel increased. 
The nitrogen content is markedly reduced in the mixer, and 
it is probably also reduced in the hearth of a sluggish blast- 
furnace. When blowing metal which has been in the mixer 
for a short time, the phosphorus content falls rapidly during 
the carbon drop and this resticts the absorption of nitrogen. 
No correlation was established between the phosphorus 
and silicon contents of the pig iron and the nitrogen in the 
finished steel.——R. A. R. 

The Oxide Film Theory as the Basis for the Production of 
High Quality Basic-Bessemer Steel. G. Naeser. (Stahl und 
Kisen, 1948, vol. 68, Oct. 7, pp. 375-378). The taking-up 
of nitrogen by the metal in the basic-Bessemer converter 
depends upon whether a ferrous oxide film can form on the 
molten-metal/air interface thus keeping the nitrogen out 
of the metal. This is called the ‘‘ oxide film theory.”’ Investig- 
ations carried out in Germany since 1939, the results of which 
support this theory, are briefly reviewed. Seven tests with 
50-kg. melts in which basic iron was atomized with compressed 
air resulted in no increase in nitrogen even at temperatures 
up to 1800°C. A 10-kg. melt of ingot iron with a thick 
layer of slag was blown with air at 1600° C. under conditions 
which caused no increase in nitrogen. When the temperature 
was raised to 1700° C. the nitrogen taken up increased rapidly 
during the blow. If the oxide film had no effect, increasing the 
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air velocity with the same quantity of air would cause less 
nitrogen to be taken up since the reaction time would be less, 
but actual tests showed that increasing the velocity increased 
the nitrogen taken up, but in a fluctuating manner, as, after 
reaching the point when all the oxygen was used up, nitrogen 
was absorbed more rapidly. It was possible by side-blowing 
to produce steel exceedingly low in nitrogen even with the 
steel at a very high temperature, but if the tuyere area was 
reduced below a certain point, marked absorption of nitrogen 
took place. Analyses have shown that the steel does not 
begin to take up nitrogen until the CO, content of the waste 
gas falls, and full-scale operations have proved that steel 
very low in nitrogen can be produced by driving the converter 
in a manner such that the total oxygen content of waste 
gas falls gradually.—R. A. R. 

** Submarine ’’ Ladles Move Molten Iron at Jones & 
Laughlin Plant. (Industrial Heating, 1948, vol. 15, Sept., 
pp. 1500-1504). A brief illustrated description is given of 
one of the thirteen new 200-ton capacity mixer cars for 
bringing hot metal from the blast-furnaces to the Bessemer 
converters at the Jones and Laughlin Steel Corp. plant. 


R. A. KR. 

Electrical Features of a Modern Hot Metal Mixer Installation. 
W. A. Mosteller and L. R. Milburn. (Proceedings of the 
Association of Iron and Steel Engineers, 1947, pp. 192-197). 
See Journ. I. and 8.I., 1947, vol. 156, Aug., p. 572. 

How Can the Laws of Statics be Applied to the Design and 
Development of Furnace Roofs? G. Neumann. (fron and 
Steel Institute, 1948, Translation Series, No. 357). This is an 
English translation of a paper which appeared in Archiv fiir 
das Eisenhiittenwesen, 1942, vol. 15, Apr., pp. 437-445. 
(See Journ. I. and §.I., 1943, No. I, p. 2034). 

Considerations on Open-Hearth Furnaces. F. Roma and D. 
Sandulli. (Calore, 1946, vol. 17, May, pp. 3-14: [Abstract | 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1947, Nov—Dec., p. 8). A general study of the best conditions 
for heating open-hearth furnaces is presented. 

Cupola Hot Metal for the Open Hearth. E. 8S. Kopecki. 
(Iron Age, 1948, vol. 162, Oct. 21, pp. 76-81). The pig-iron 
shortage in the United States has led to the employment of a 
number of expedients by cold metal open-hearth operators, 
such as the use of by-product coke, cast iron, spiegel, anthracite, 
and commercial carbonaceous materials. Use of substitute 
carbon in this form causes longer heat times, so that a number 
of companies are now employing cupolas to produce hot metal 
for the open-hearth furnace. Soda ash is used for desulphuriz- 
ation, either in the transfer ladle or in ladles kept for the 
purpose. Developments in the cupolas used for this purpose 
include water cooling, carbon paste bottom linings, and the 
use of permanent bottom construction ; the use of anthracite 
coal instead of coke is also under study.—J. P. s. 

Some- Practical Aspects of Direct Oxidation in the Basic 
Open Hearth Process. F. G. Norris and E. B. Hughes. (Year- 
book of the American Iron and Steel Institute, 1948, pp. 
260-286). See Journ. I. and 8.I., 1948, vol. 160, Oct., p. 221. 

Use of Oxygen in Open Hearth Furnaces. (Centre «le 
Documentation Sidérurgique, Circulaire d’Informations Techi- 
niques, 1948, vol. 5, Apr. 25, pp. 219-220). Brief details are 
given of results of tests to obtain rapid decarburization by 
introducing oxygen into the bath.—-J. c. R. 

Oxygen-Accelerated Combustion in Open Hearth Furnaces. 
E. T. W. Bailey. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 629-635). See Journ. I. and S8.I., 
1948, vol. 158, Mar., p. 397. 

Tonnage Oxygen for Increased Iron and Steel Production. 
J. H. Strassburger. (Yearbook of the American Iron and 
Steel Institute, 1948, pp. 214-251). See Journ. I and S.1., 
1948, vol. 160, Oct., p. 220. 

The Behaviour of Oxygen in Liquid Steel during the Refining 
Period in the Basic Open-Hearth Furnaces. 8. Fornander. 
(Faraday Society, General Discussion on the Physical 
Chemistry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
Lhe behaviour of oxygen was studied in 36 experimental 
heats made in different melting shops using.a new method 
of sampling suitable for oxygen determinations. The method 
gives reproducible results. The carbon content of the bath 
is the factor which has the greatest influence upon the oxygen 
content during the refining period. The values of the product 
[C] x [O] are rather scattered at higher carbon contents but 
approach the equilibrium value at lower carbon contents. 
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The results are in general agreement with those published 
by Brower and Larsen recently. 

The influence of manganese upon the oxygen content of the 
bath and upon the carbon reaction was studied: It was 
found that the manganese content of the charge, which varied 
between 0-15% and 2-3%,, has no influence upon the oxygen 
content of the bath and upon the rate of carbon drop. The 
results contradict those reported before the war by Barden- 
heuer and Thanheiser. Their conclusions seem to be based upon 
a different interpretation of the affinity between manganese 
and oxygen than that prevailing at present. 

Use of Oxygen for Decarburization and Melting in Electric 
Furnaces. J. H. Eisaman. (Yearbook of the American 
Iron and Steel Institute, 1948, pp. 287-301). See Journ. 
I. and §.1., 1948, vol. 160, Oct., p. 221. 

Application of Oxygen to Steel Making. W. C. Newell. 
(Nature, 1948, vol. 162, Oct. 2, pp. 518-519). The author 
points out that the use of oxygen-enriched blast in the side- 
blown converter does not appreciably increase the heat of 
combustion but that it reduces the cooling effect of the nitrogen 
present in the blast. A graph shows that for temperatures 
of the emergent gas below 1000° C., little thermal gain is made, 
but that it increases rapidly for higher temperatures ; it is 
also shown that little advantage is gained by increasing the 
oxygen content above 40%. When the side-blown converter 
is used in the steel foundry the additional heat may be used 
either to produce metal at a higher temperature or to melt 
cold serap or ferro-alloys after the blowing operation. The 
problem of the large-scale supply of oxygen is considered, 
the author pointing out that 1500 cu. ft., or about 1 ewt. 
of oxygen is used per ton of steel made ; while this may be 
met at present by the transport of liquid oxygen, a more 
economic means of supply is required and gas supply through 
a pipe line is being planned. The cost of liquid oxygen restricts 
the process at present to foundries where the technical 
improvements arising from the use of oxygen may be fully 
exploited.—4J. P. s. 

The Existence of a Critical Point in Refining Steel. F. 
Castagneri. (Centre de Documentation Sidérurgique, Circu- 
laire d’Informations Techniques, 1948, vol. 5, Apr. 25, 
pp. 179-190). This is a translation into French of_an article 
which originally appeared in Italian in Metallurgia Italiana, 
1947, vol. 39, May-June, pp. 119-125. See Journ. I. and S.I1., 
1948, vol. 160, Sept., p. 103.—1s. c. R. 

Contribution on Desulphurization in the High-Frequency 
Induction Furnace. H. Haemers. (Société Francaise de 
Métallurgie, Oct. 9, 1947: Revue de Métallurgie, Mémoires, 

1948, vol. 45, July, pp. 211-214). After summarizing the 
difficulties in the way of desulphurizing steel in the high- 
frequency furnace, the author describes experiments aimed 
at improving the process. The first tests were made with 
soda ash and sodium silicate to which a little metallic mangan- 
ese was added, but without success ; replacing the manganese 
by carbon was no improvement, and silicon was worse. 
The next tests were made in accordance with the work of 
W. J. Grant and J. Chipman (see Journ. I. and §.1., 1946, 
No. II, p. 49a); the slag consisted of dolomite plus 20% 
of calcium fluoride. The slag was used either without pre- 
heating or with additional heat provided either by means 
of a graphite lid to the crucible, by means of an electric arc, 
or by making the slag act as resistor to an electric current. 
Without preheat the results were poor ; with the lid they were 
better, and with the electric arc better still. Heating the 
slag by resistance gave the best and quickest results ; the 
slag was very fluid and was kept in movement by the electric 
current, except near the crucible walls, where it was cooler 
and therefore less corrosive to the magnesia refractory. There 
was slight recarburization owing to the formation of calcium 
carbide at the end of the process.—a. F. c. 

The Thermodynamics of Substances of Interest in Iron and 
Steel Making from 0° C. to 2400° C. I—Oxides. F. D. Richaid- 
son and J. H. E. Jeffes. (Journal of The Iron and Steel 
Institute, 1948, vol. 160, Nov., pp. 261-270). A survey is 
made of the thermal data at present available for oxides 
of interest in iron and steel making. The free energies of 
formation of these oxides from their elements are calculated 
for temperatures up to 2000° C. and the results are plotted 
on a free-energy/temperature diagram. Equations are given 
for each oxide, and limits of accuracy are proposed. The 
free- energies of formation vary linearly with temperature 
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within the limits of accuracy of the data available. The 
reason for this, and the limitations and advantages of the 
straight-line plots are discussed. The advantages of the 
graphical representation of the results on a free-energy/ 
temperature diagram are considered, and its value in elucidat- 
ing complex processes and individual equilibria is illustrated 
by examples. It is shown how these and other problems 
can be easily solved by the use of a special transparent grid 
which is superposed on the diagram. 

Physico-Chemical Principles in Process Metallurgy. Sir 
Charles F. Goodeve. (Faraday Society, General Discussion 
on the Physical Chemistry of Process Metallurgy, Sept. 
23-25, 1948, Preprint). The paper sets out briefly some of 
the more important physicochemical principles in process 
metallurgy in a way that will show their application to the 
types of chemical reaction dealt with in other papers of the 
Discussion. It is inthree parts, of which the first is introductory. 
The second, on molecular kinetics, deals with : Liquid systems, 
reactions in the solid state, reactions on the surface of solids 
or liquids, collision frequency and energy of activation 
and diffusion. The third, headed “ The Thermodynamic 
Approach ” is concerned with : Chemical potential and some 
applications, chemical potentials in metastable systems, oxygen 
potentials in the iron-making process, potential and capacity, 
activities and activity coefficients, slag refining, deoxidation 
of steel, chemical potentials in single-phase equilibria, and 
chemical potential, activity, and free energy.—R. A. R. 

The Physical Chemistry of Sulphur Removal in Steel Making. 
Pp. T. Carter. (Faraday Society, General Discussion on the 
Physical Chemistry of Process Metallurgy, Sept. 23-25 
1948, Preprint). Data from the literature on the distribution 
of sulphur between metal and slag in the open-hearth furnace 
are examined. The distribution is best explained by the 
relationship (S)/[S] = & (X(nmo) + [O}) where (8), [8S], and [O} 
are the sulphur in the slag and in ‘the metal, and the oxygen in 
metal, respectively, k is a constant, and nyo is the number of 
g.-ions of all the metal oxides in the slag. The data also 
show that CaO, MgO, MnO, and FeO in the free state can all 
desulphurize molten iron; their desulphurizing power is 
probably equal ; when these oxides are combined with acidic 
oxides to form compounds, the desulphurizing power is 
correspondingly reduced. The states of combination best 
fitted to the data are 2MO.SiO, (or 4MO.2Si0,), which is 
either undissociated or only slightly dissociated, 3MO.P,O,, 
MO.AI,0,, and MO.Fe,O,, except perhaps in the case of the 
less basic slags when compounds of a more acidic nature 
will begin to appear. Manganese in the metal can have no 
effect on the final equilibrium distribution, except in so far 
as it may increase the activity of the sulphur in the metal 
phase, but it may affect the distribution indirectly by its 
effect on the oxygen content of the metal.—Rr. A. R. 

Activities in Liquid Metallic Solutions. J. Chipman. (Fara- 
day Society, General Discussion on the Physical Chemistry of 
Process Metallurgy, Sept. 23-25, 1948, Preprint). The 
concept of activity, the determination of activity coefficients, 
and the thermodynamic equations involved are reviewed 
and illustrated by data on liquid metallic solutions. The 
concept of ‘semi-regular’ solutions is introduced and its 
usefulness for metals demonstrated. Several useful empirical 
methods of treatment of activity data have been employed. 
There are fifty-three references. 

The Constitution and Thermodynamics of Liquid Slags. 
F. D. Richardson. (Faraday Society, General Discussion on the 
Physical Chemistry of Process Metallurgy, Sept. 23-25, 1948, 
Preprint). The present state of knowledge and the thermo- 
dynamics of solid and liquid slags and slag constituents are 
reviewed. The ionic and structural views are outlined and 
applied to two simple liquid slag systems, namely, iron oxide 
containing ferric oxide, and iron oxide and silica.—-R. A. R. 

Graphical Study of Metallurgical Equilibria. M. J. N. 
Pourbaix and C. M. Rorive-Boute. (Faraday Society, General 
Discussion on the Physical Chemistry of Process Metallurgy, 
Sept. 23-25, 1948, Preprint). An examination is made of some 
properties of the diagrams of complex equilibria constructed 
by plotting the inverse of the absolute temperature as 
abscissa and the logarithm of the equilibrium oxygen pressure 
of all the transformation which can occur in the system as 
ordinate.—R. A. R. 

The Constitution of Phases at High Temperatures in Rela- 
tion to Their Thermodynamic Properties. G. M. Willis. 
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(Faraday Society, General Discussion on the Physical 
Chemistry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
Methods of chemical thermodynamics are often used in 
the study of metallurgical reactions at high temperatures. 
This paper discusses the difficulties encountered in using 
these methods.—r. A. R. 

Equilibrium Relationships in Systems Containing Iron 
Oxide and Their Bearing on the Problems of the Constitution 
of Liquid Open-Hearth Slags. P. Murray and J. White. 
(Faraday Society, General Discussion on the Physical Chem- 
istry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
Using what they regard as a purely formal model for the 
constitution of liquid slags the authors have sought to show that 
equilibrium slag—metal, slag—atmosphere, and slag-refract- 
ory relationships can be accounted for in terms of calculated 
activities of the slag reactants. Though some revision of the 
constants seems necessary it has been shown that a consider- 
able measure of success in predicting experimental relation- 
ships can be achieved. It is not considered that the model 
represents a true picture of the constitution of liquid slags 
and it is believed that ultimately an electrochemical approach 
will prove more acceptable. 

The Electrical Conductivity of Silicate Melts: Systems 
Containing Ca, Mn, and Al. J. O’M. Bockris, J. A. Kitchener, 
S. Ignatowicz, and J. W. Tomlinson. (Faraday Society, 
General Discussion on the Physical Chemistry of Process 
Metallurgy, Sept. 23-25, 1948, Preprint). The investigations 
reported had two objects : (a2) To make measurements relating 
to the theory of the conductivity of ionic melts which at 
present exists in substantial form only for simple salts ; 
and (b) to study the structure of the systems in the molten 
state. The electrical conductivity of the systems CaO-SiO,, 
MnO-SiO,, and Al,O, has been determined over the 1000°— 
1800° C. range, and the results down to the temperature of 
‘apparent solidification ’ are reported.—R. A. R. 

The Thermodynamic Activity of Silica and of Oxide in 
Silicate Melts. M. Rey. (Faraday Society, General Discussion 
of the Physical Chemistry of Process Metallurgy, Sept. 23-- 
25, 1948, Preprint). An attempt has been made to show 
that the concept of thermodynamic activity is useful, and 
even necessary, in the study of silicate melts, and that the 
melting-point diagrams can be used together with data 
on the stability of silicates and some recent potentiometric 
determinations to get some idea of the change of activities. 
The connection between the activity curves and the molecular 
constitution of the melt has been discussed. It is believed 
that more precise data might be obtained by vapour-pressure 
determinations of some volatile oxides and of others at a 
higher temperature. 

Rapid Estimation of Slag Basicity. W. A. Smith, J. 
Monaghan, and W. Hay. (Journal of The Iron and Steel 
Institute, 1948, vol. 160, Oct., pp. 121-130). Experiments 
have been carried out on the pH method of estimating slag 
basicity developed by Philbrook. Examination of all relevant 
factors failed to improve the accuracy beyond + 0:3 V 
ratio, ¢.e., CaO/(SiO, -+ P,O,).. A new method has been 
developed whereby the specific conductance of the water 
extract is measured and related to the V ratio of the slag. 
On homogeneous slags the V ratio can be estimated within 

+ 0-15 in a little over 20 min. The method is affected by the 
presence of undissolved lime in the sample, but the estimation 
is reliable when the sample is homogeneous. 

Continuous Casting of Semi-Finished Steel at Babcock & 
Wilcox Beaver Falls P!ant. (Industrial Heating, 1948, vol. 
15, Sept., pp. 1478-1404, 1498). An illustrated description 
is given of the continuous casting plant for steel which 
operates by the Williams patent process (see Journ. I. and §.L., 
1949, vol. 161, Jan., p. 59).—-R. A. R. 

Ingot Structures in a Series from Rimmed to Killed Steels 
Made from the Same Cast. P. M. Macnair. (Journal of The 
Iron and Steel Institute, 1948, vol. 160, Oct., pp. 151-163). 
A series of ten ingots, ranging from box-hat, through 
rimming, and rising to killed steel. has been made from the 
same cast by additions of iron oxide and aluminium to the 
moulds. Vertical cross-sections through the centre-line 
were prepared and the ingots examined for blowhole appear- 
ance and chemical segregation of the major elements carbon, 
sulphur, phosphorus, and manganese. A theory is advanced 
to explain the method of formation of the various types from 
wild to killed steel. This is based on two well-known principles, 
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(1) selective freezing, and (2) rate of reaction between free 
oxide and carbon. 

Ingot Surface Defects in Structural Steels. L. Reeve. 
(Journal of The Iron and Steel Institute, 1948, vol. 160, 
Oct., pp. 169-176). The causes of ingot surface defects in 
structural steels are considered, the controlling factors 
concerned being divided into two main groups, namely 
(1) those acting in the furnace and largely associated with 
steelmaking chemistry and (2) those acting outside the 
furnace and associated with temperature and teeming 
conditions. The chemical factors considered are sulphur, 
carbon, manganese, oxygen, and hydrogen ; the temperature 
and teeming conditions are discussed from the point of view 
of their influence on the rate of growth of the ingot skin 
during and immediately after teeming. The general discussion 
is illustrated by the results of a detailed statistical analysis 
of the causes of defects in steel produced from 19,600 tons 
of 85-cwt. ingots of “‘ balanced ’’ quality carbon steel used 
for the production of steel joists, and it is shown that the 
lowest steel defectives are obtained in the lower-sulphur 
groups and in steel at an intermediate temperature and that 
smaller nozzles are preferable, particularly with hot steel 
and high sulphur. Defects produced by sub-surface blow- 
holes in balanced quality steels are also dealt with, and a 
description is given of a technique for the cutting of corner 
samples from large ingots of the type of steel concerned ; 
some of the factors controlling skin depth in the ingots are 
discussed. 

The Influence of Teeming Times on Ingot Surface Defects. 
W. E. Goodrich. (Journal of The Iron and Steel Institute, 
1948, vol. 160, Nov., pp. 295-302). Details are recorded of 
data accumulated during long-period observations made at 
various stages of rolling and forging operations on steel 
ingots, and illustrations are given indicating the application 
of the information to establish ideal ingot teeming times. 
Variations in steel composition and quality, mould design 
and dimensions, and ladle-nozzle sizes are considered. 
Optimum teeming times are deduced for a variety of steels 
and mould sizes. 

Transverse Structure of Steel. M. Remy. (Technique 
Moderne, 1948, vol. 40, Feb. 1-15, pp. 52-56: [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1948,vol. 5, June, p. 17). The following subjects are discussed : 
Structural and chemical heterogeneity of as-cast steel ingots, 
minor and major segregations, heterogeneity of forged and 
rolled steel, and fibre formation. 

Distributions of Nonmetallic Inclusions in Some Killed 
Alloy Steel Ingots. K. L. Fetters, M. M. Helzel, and J. W. 
Spretnak. (American Society for Metals, Oct., 1948, Preprint 
No. 9). The non-metallic inclusions in nine alloy-steel ingots 
for the production of seamless tubes were studied by metallo- 
graphic methods and by petrographic examination of residues 
obtained by acid extraction. The metallographic examination 
revealed the following general types of inclusion: Globular 
silicates, complex silicates, globular oxides, and eutectic, 
angular, duplexed, and globular sulphides. These were fairly 
uniformly distributed in the ingot, and were usually of uniform 
size. In some ingots, the size of the sulphides increased towards 
the top of the ingot whereas the oxides and silicates increased 
in size towards the bottom. In the petrographic studies 
the following types of inclusions were observed: Alumina 
clusters and grains, oxide and clear glass, ferrous aluminate, 
mullite, oxide crystal phase, and quartz and aggregates of 
quartz alumina. The average inclusion content of the nine 
ingots ranged from 0-0055% to 0-0285%. Little or no cor- 
relation was evident between the size, type, distribution, or 
amount of non-metallic inclusions and the occurrence of bore 
defects in heavy-walled seamless tubes.—R. E. 

Some Factors Affecting Subsurface Defects in Large Forg- 
ing Steel Ingots. E. H. Loria and H. D. Shephard. (American 
Society for Metals, Oct., 1948, Preprint No. 10). The authors 
have investigated the subsurface defects in several large 
forging ingots of acid open-hearth steel in an effort to determine 
the factors affecting their formation. The defects considered 
were cracks, porosity, and defects due to the presence of 
inclusions.—R. E. 

Density Variations in Some Killed Steel Ingots. C. F. 
Sawyer and J. W. Spretnak. (American Society for Metals, 
Oct. 1948, Preprint No. 11). The authors have determined 
the density of samples from five killed alloy steel ingots 
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used for the production of heavy-walled seamless tubes. 
The samples of lowest density were found along the centre 
in the region of the secondary pipe in the top two-thirds of 
the ingots. Certain configurations of the dendritic arms 
growing into the melt, could, by limiting to various degrees 
the feeding of liquid metal into the interstices, probably 
cause the observed deviations in density: The top two- 
thirds of the ingot where the density of the centre had the 
lowest average gave the highest yield of pierced seamless gun 
tubes free from bore defects or bore surface quench cracks. 


FOUNDRY PRACTICE 


The British Cast Iron Research Association. J. G. Pearce. 
(Metallurgia, 1948, vol. 38, Sept., pp. 273-275). The activities 
of the British Cast Iron Research Association are reported, 
with a note on the first post-war Refresher Course held at 
Ashorne Hill in April, 1948, and other educational activities. 

R.A. R. 

Desulphurization of Molten Iron. G. Joly. (Fonderie, 
1948, Mar., pp. 1098-1099). A short note is presented on the 
desulphurization of molten iron by sodium carbonate either 
in the ladle or in the forehearth.—4J. c. R. 

Improvement in the Castability of Iron. G. Joly. (Fonderie, 
1948, Feb., pp. 1062-1063). | The author briefly analyses 
the causes of good and poor castability of iron melted in the 
cupola.—J. Cc. R. 

Pigs and Small Pigs. G. Hénon and E. Guenzi. (Fonderie, 
1948, Apr., pp. 1119-1123). The authors discuss the advan- 
tages of small machine-cast pigs up to 15 kg. over the large 
sand-cast pigs.—J. C. R. 

Production of Non-Magnetic Nickel Cast Irons. G. Joly. 
(Fonderie, 1948, Apr., pp. 1135-1136). 

Influence of Chromium on the Annealing of Blackheart 
Malleable Iron. J. Lainé. (Fonderie, 1948, Feb., pp. 1051— 
1061). A survey is presented of the work and conclusions 
of previous investigators on the influence of chromium 
when blackheart malleable iron is annealed. A table is 
appended which indicates the effect of adding various other 
elements on the graphitization of blackheart malleable iron. 

. J.C. R. 

Influence of the Addition of Various Elements on the 
Annealing of Blackheart Malleable Iron: Aluminium and 
Boron. J. Lainé. (Fonderie, 1948, Mar., pp. 1087-1096). 
The first part of this article reviews the work of various 
investigators on the influence of aluminium additions in 
blackheart malleable iron. The second part outlines the 
properties of boron and discusses the effect of boron in cast 
iron and steel with reference to the published literature. 
A bibliography of seventeen references is appended.—s. c. R. 

Dried Moulding Sands. P. Nicolas. (Fonderie, 1948, May, 
pp. 1172-1176). A note is presented on the choice and 
preparation of the sand, its drying and behaviour in the 
atmosphere, and facing materials for dried moulding sands. 

J..0: R. 

Binders and Moulding Sands. J. Happich. (Fonderie, 1948, 
Mar., p. 1101). Brief notes are given on the use of binders in 
core-making and on the grain-size of moulding sands.—J. ¢. R. 

Comparative Strength and Hardness of Core Binders. H. 
Brown. (Foundry, 1948, vol. 76, Oct., pp. 76-79, 242-246). 
An investigation of 17 core binders to determine the essential 
differences in their strength and gas content is reported. 
Tests and equipment, requiring little expenditure and skill, 
for measuring the moisture content, hardness, and _ tensile 
strength are also described. The binders were of four types : 
Linseed base, petroleum base, urea formaldehyde, and corn 
starches. Six of the nine oils tested had maximum strength 
after baking at 400° F. Linseed-base oils had higher average 
strengths than any of the other binders. If strength alone is 
unportant either a linseed oil or two types of resin binders 
should be selected. If economy is of most importance, any 
of the oils or dextrinized starch may be considered. None of 
the binders retained its strength after baking at 550° F. 
Cereal binders required the shortest and linseed binders 
the longest baking times.—n. A. R. 

Patterns in Production Foundry. G. A. Pealer. (American 
Foundryman, 1946, vol. 10, No. 2, pp. 44-46: Transactions 
of the American Foundrymen’s Association, 1946, vol. 54, 
pp. 388-401). Recommendations on pattern-making in a 
production foundry are made with notes on when to use 
cores.—R. A. R. 
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Improvements in Gating Technique as a Contribution to 


Economy in Foundries. H. Reininger. (Metallwirtschaft, 
1947, Oct., pp. 46-52). Examples are described which show 
that by attention to flow and thermodynamic considerations, 
gating technique for castings can be improved so as to reduce 
considerably the proportion of metals used in the downgates, 
runners, and ingates.—R. A. R. 

Gating Systems for Metal Casting. W. H. Johnson and W. O. 
Baker. (Foundry, 1948, vol. 76, Oct., pp. 68-73, 252). 
An investigation is described in which steel castings were 
poured using a variety of combinations of sprue, runner, 
and gates. Motion pictures at 64 frames/sec. were taken from 
above to record the flow and appearance of the metal. The 
results showed that many gating systems did not function as 
usually supposed. Whirl, riser, and horn gates were ineffective 
in preventing turbulence in the mould. In multiple-finger 
gating systems most of the feeding was often accomplished 
by the fingers farthest from the sprue. When all the fingers 
did feed uniformly a rolling turbulence (from side to side 
of the mould) was observed. With stepped gates one above 
the other, to produce feeding through successive gates as the 
level of the steel rises, the only successful arrangement was 
to have the lowest gate rising at an angle of 60° from the 
bottom of the sprue to the bottom of the mould, and the 
other gates leading horizontally into it.—nr. A. R. 

Mechanization—Moulding Machines. H. Leusink. (Metalen, 
1948, vol. 3, Oct., pp. 36-43). [In Dutch]. The advantages of 
using moulding machines are discussed with notes on the 
selection of machines for particular types of work.-—R. A. R. 

Unit Casting Cost Greatly Reduced by Automatic Molding. 
J. A. Sharritts. (Steel, 1948, vol. 123, Sept. 20, pp. 126-132). 
See “ Westinghouse is Operating an Automatic Molding 
Unit”’ (Journ. I. and §.I., 1948, vol. 160, Sept., p. 106).—R. A. R. 

Permanent Mold Gray Iron Castings by the Million. A. H. 
Allen. (Foundry, 1948, vol. 76, Oct., pp. 82-87, 173-176). 
A description is given of the equipment and practice at the 
foundry of the Eaton Manufacturing Co., Vassar, Michigan, 
where large quantities of grey iron castings up to 15 Ib. 
each are cast in permanent moulds mounted on a turntable. 
The moulds are of cast iron on the backs of which a large 
number of cooling studs are cast; they are cooled by air 
blown across these studs.—R. A. R. 

Foundry Moulding Boxes. V. Brackenbury. (British Engin- 
eering Export Journal, 1948, vol. 31, Sept., pp. 450-457). 
The making of moulding boxes has now become a specialized 
industry. This paper describes and illustrates a wide variety 
of moulding boxes and designs of closing and clamping devices. 

Foundry Resins. A. Ambrosioni. (Materie Plastiche, 
1947, vol. 13, May-June, pp. 53-54: [Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, May, p. 16). The physical properties of cores prepared 
from sand bonded with crude linseed oil or with a special 
resin, are compared. In the latter case, the casting has a 
good appearance and the core possesses great strength. 

Making a Turbine Casing for Hydro-Electric Plant. ‘1. 
Rigby. (Institute of British Foundrymen: Foundry Trade 
Journal, 1948, vol. 85, Oct. 14, pp. 359-364, 367). An illus- 
trated description is given of all the processes involved in the 
making of a turbine casing, with particular reference to the 
preparation of the mould and making the core.—J. c. R. 

Precision Cast Stainless Steel Electrical Parts Reduce 
Weight, Save Costs. H. C. Amtsberg. (Materials and Methods, 
1948, vol. 28, Sept., p. 73). A stainless steel latching pawl 
for an air circuit breaker, now made by the lost-wax process, 
is shown and the saving in cost achieved by this process as 
compared with sand-casting and machining is detailed.—Rr. A. R. 

Centrifugal Casting of Steel. J. H. Hall. (Foundry, 1948, 
vol. 78, Aug., pp. 76-77, 176-198; Sept., pp. 74-77, 228- 
238 ; Oct., pp. 88-91 ; 183-198). Casting steel into spinning 
cylindrical moulds is discussed in the first part with explana- 
tions of methods of calculating the forces involved and the 
pressure at different depths in the wall thickness of the poured 
metal. In the second part the equipment for semi-centrifugal 
casting is described in detail ; this is the process by which a 
stack of many identical wheels, pulleys, sprockets, or the 
like, can be centrifugally cast in a single mould. In the 
concluding part centrifugal casting practices suitable for 
various types of casting are recommended, calculation of the 
forces involved at different speeds of rotation is explained, 
and shrinkage defects are considered.—R. A. R. 
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Hollow Cast Steel as Raw Material. K. Simoneit and W. 
Radeker. (Stahl und Eisen, 1948, vol. 68, Nov. 4, pp. 419- 
426). After reviewing several methods of producing hollow 
ingots up to 100 tons in weight to be used as raw material 
for making pressure vessels and tubes, and their disadvantages, 
the application of the centrifugal-casting process as practised 
successfully at German steelworks is discussed. Several 
centrifugal casting machines, some vertical and others almost 
horizontal, are described and illustrated. Data on speeds of 
rotation and cooling times are presented, and the structure, 
particularly segregation, is examined.—R. A. R. 

Modernizes Sheave Foundry. P. ©. Vogel. (Foundry, 
1948, vol. 76, Oct., pp. 80-81). A brief description is given 
of the new mechanized equipment at the foundry of Allis- 
Chalmers Manufacturing Co., Milwaukee, which produces 
sheaves up to 72 in. in dia.—R. A. R. 

Friction Cutting Gates and Risers by the Band Saw Method. 
H. J. Chamberland. (Foundry, 1948, vol. 76, Oct., pp. 
95-97, 208, 210). Notes on band-saw speeds and friction- 
cutting procedures for removing gates and risers from stainless 
steel castings are presented with data on the length and 
thickness of cut and the time taken.—-R. A. R. 

Shrink Holes and Solidification Phenomena in Steel Castings. 
H. Juretzek. (Neue Giesserei, 1948, vol. 33-35, Nov., pp. 
139-146). A review is made of the factors affecting the forma- 
tion of shrinkage cavities in steel castings and the steps which 
can be taken to prevent their formation.—R. A. R. 


HEAT-TREATMENT AND HEAT-TREATMENT 
FURNACES 


Heat Treatment of Metals. Sourdillon. (France Energétique, 
1947, vol. 6, Nov.—Dec., pp. 195-203 : [Abstract] Centre de 
Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, May, p. 22). The author deals with the following 
subjects : Treatment of stainless and heat-resistant steels ; 
heating in a controlled atmosphere ; surface treatment ; and 
low-temperature treatment. 

Use of Town Gas in Heat-Treatment Furnaces. A. de Jerphan- 
ion. (France Energétique, 1947, vol. 6, Nov.—Dec., pp. 204— 
209: [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1948, vol. 5, May, p. 22). 

Applications of Gas in Industry. Gas-Fired Furnaces for the 
Heat-Treatment of Sheets. (France Energétique, 1947, 
vol. 6, Nov.—Dec., pp. 215-218 : [Abstract] Centre de Docu- 
mentation Sidérurgique, Bulletin Analytique, 1948, vol. 5, 
May, p. 22). 

Steel Treatment without Decarburization in Controlled 
Atmospheres. H. E. Lewis. (Western Machinery and Steel 
World, 1947, vol. 38, Oct., pp. 94-99: [Abstract] Centre de 
Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, May, p. 22). 

Gas Carburizing Plant. Laidler. (Machinery, 1948, vol. 73, 
Oct. 28, pp. 608-610). The gas-carburizing plant manufactured 
by Wild-Barfield Electric Furnaces, Ltd., is described. 

Ko Por. 

Vertical Furnaces Reduce Labor Costs 20°, in Treating 
High-Speed Steel Broaches. W. L. Gibbons. (Materials and 
Methods, 1948, vol. 28, Sept., pp. 77-79). Descriptions are 
given of the heat-treating equipment and processes employed 
by the La Pointe Machine Tool Co. for hardening broaches 
up to 7 ft. long of 18/4/1 tungsten—chromium—vanadium 
steel. Vertical muffle furnaces in pits with overhead hoists 
are used.—R. A. R. 

Surface Treatments of Tool Steel. J. Jacquet. (Bulletin 
‘Technique Veritas, 1948, vol. 30, Mar., pp. 49-53). Among 
the treatments described are cementation, cyaniding, nitriding, 
hard chromizing, flame-hardening, and induction-hardening. 

Factors Influencing the Spheroidisation of Steel. E. V. 
Tull. (Metallurgia, 1948, vol. 38, Sept., pp. 257-262). The 
author reviews the literature on the spheroidization of steel 
with special reference to the effect of cold work, spheroidiza- 
tion by the direct transformation from austenite, and the 
effects of chromium, manganese, silicon, and carbon.—R. A. R. 

Flame Hardening of Automobile Crankshafts. A. Kopecky. 
(Industrie und Technik, 1946, vol. 1, No. 2-3, pp. 25-28: 
| Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1947, Nov.—Dec., p. 21). Surface hardening and 
cementation hardening are compared and the advantages 
of the former are stressed. The application of flame-hardening 
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to automobile crankshafts is outlined and the causes and 
remedies of operational defects are discussed. 

A Progress Report on Experimental Development of Surface 
Carbon Restoration in Decarburized Coiled Rod and Wire 
Material. J. L. Kozma. (Wire and Wire Products, 1948, vol. 
25, Aug., pp. 680-689, 719, 720). The results are presented 
of several series of tests on 0-36°, and 0-40°, carbon steel 
rods which were treated for 3 hr. and 6 hr. in prepared 
atmospheres consisting of methane plus a carrier gas consist- 
ing mostly of nitrogen in order to restore the carbon content 
after decarburizing during annealing. The following recom- 
mendations are made: (1) The nitrogen carrier gas should 
have a uniform water-vapour content ; (2) the flow of hydro- 
carbon gas should be uniform and under accurate control ; 
and (3) the temperature of the steel throughout the charge 
must be kept uniform and sufficiently high to keep the steel 
austenitic in order to ensure absorption and penetration of the 
carbon at a reasonable rate.—R. A. R. 

The Hardenability of Steels and the Ability to Heat-Treat 
Them. W. Gerber and U. Wyss. (Von Roll Mitteilungen, 
1948, vol. 7, June-Sept., pp. 13-49). A comprehensive 
review is presented of the development and present position 
of methods of determining hardenability and response to heat - 
treatment of steels, in which American processes developed 
since 1938 are given particular attention. The relation between 
the hardenability and mechanical properties of the heat-treated 
steels produced by the Ludw. von Roll’schen Eisenwerke 
A.G., are examined. The authors conclude that research 
on the testing of hardenability can be regarded as completed, 
but further work is required on the relation between hardness 
and mechanical properties. EKighty-three references are given. 

R. A. R. 

High-Frequency Induction Hardening. RR. J. Brown. 
(Journal of The Iron and Steel Institute, 1948, vol. 160, 
Nov., pp. 241-245). The effect of extremely rapid heating 
rates upon the structure of the surface layers of 0-35-0-40° 
carbon steel and manganese—molybdenum steel of similar 
carbon content is recorded, and the effect of the prior condi- 
tion of the steel in relation to carbide solution and homo- 
genization of carbon distribution in the final structure is 
discussed. The steels were skin hardened by the high-frequency 
induction process, with prior structures ranging from the 
coarse agglomerate condition produced by slow cooling after 
overheating, to the relatively homogeneous condition pro- 
duced by hardening and tempering. Prior dispersion of the 
carbides was found to affect appreciably the final hardness 
of the surface layers, this property being dependent upon the 
degree of dispersion of the carbon atoms in the matrix at the 
time of quenching. The specimens were skin hardened 
by the progressive method, the surface reaching the hardening 
temperature in 0-25 sec. 

Induction Heating of Spiral Coil Springs Having Closed 
End Loops. ©. A. Anderson. (Industrial Heating, 1948, vol. 
15, Aug., pp. 1316-1322). To overcome the difficulty in 
obtaining uniform heating by the induction method of coil 
springs with closed end loops it is necessary to have the axis 
of the spring perpendicular to the axis of the heating coil 
and to rotate the spring during heating, or, instead of rotating 
the spring, a shift in the magnetic field can be applied by 
having two inductor coils with a 90° displacement or three 
coils with two 60° displacements. The arrangement of the 
coils is described and illustrated.—Rr. A. R. 

Cycle Annealing in High-Quality Steel Production. E. 
Tholander. (Jernkontorets Annaler, 1948, vol. 132, No. 10, 
pp. 367-446). [In Swedish]. A committee of Jernkontoret 
has studied the problem using isothermal transformation of 
austenite after hot-working steel. First, small samples of four 
different steels were treated on a laboratory scale in order 
to investigate the influence of different factors on the results 
obtainable. These steels were chosen as representative ~ 
of air- and oil-hardening alloy steels commonly used in Sweden. 

Further investigations on a laboratory scale and on a 
production scale were made on billets. In some cases billets 
were used which had been prepared by boring longitudinal 
or transverse holes and placing small test-pieces in the holes. 
Thus, a correlation between the results obtained with small 
samples and those with billets could be made. 

For a great number of alloy steels recently standardized 
in Sweden, data for isothermal transformation to pearlite 
have been obtained by experiments with small samples, 
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the results of which are given. For all the steels investigated, 
the temperature range for transformation to pearlite falls 
within one or more of four ranges. Only two of these steels 
could not be 100% transformed. 

Segregation retards the transformation to ingot and large 
billet section structures, but has no great influence on the 
transformation in small bar sections. Machinability tests 
showed good results for pearlitic structures but bad results 
for bainitic ones. The hardness of bainitic structures was 
much higher than that of pearlite. 

The conclusion is that isothermal transformation to pearlitic 
structure with good machinability is possible in a short time 
for most of the common alloy steels of oil- or air-hardening 
types. Advantages such as elimination of cracks (but not 
flakes) by cooling, pickling or grinding, better machinability, 
elimination of separate annealing operations after cooling, 
etc., can be obtained by cycle annealing following a previous 
hot-working operation. However, the committee has not 
solved the problem of suitable furnaces.—J. K. A. 

Recent Improvements in Cover Annealing. A. J. Fisher. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 180-191). See Journ. I. and §.I., 1947, vol. 156, 
Aug., p. 578. 

A New Method of Coil Annealing. H. H. Armstrong and 
F. F. Schlitt. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 303-311). See Journ. I. and S.I., 
1947, vol. 157, Oct., p. 295. 

Continuous Versus Batch Annealing of Sheet and Strip. 
T. F. Olt. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 646-658). See Journ. I. and S.L., 1948, 
vol. 158, Apr., p. 532. 

Predicting the Effect of Complex Tempering Cycles. J. L. 
Waisman and W. T. Snyder. (American Society for Metals, 
Oct., 1948, Preprint No. 8). The authors have developed a 
method of predicting the effect of a complex tempering 
cycle on the hardness of quenched medium carbon alloy 
steel, which involves the division of any complicated tempering 
cycle into a series of small isothermal * steps ’ and the integra- 
tion of the hardness effects of all such steps.—Rr. E. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Steel and Rubber for Aircraft Propellers. K. Rose. (Materials 
and Methods, 1948, vol. 28, Sept., pp. 66-68). Brief descrip- 
tions are given of new forming and joining techniques employed 
by the United Aircraft Corp. for making aeroplane propellers 
having a heat-treated alloy steel shell, and an internal steel 
spar silver-brazed to the shell with space between filled with 
foamed vulcanized synthetic rubber.—k. A. R. 

Production of Drop-Forged Crankshafts for Use in High- 
Compression Engines. H. A. Whiteley. (Metal Treatment 
and Drop Forging, 1948, Autumn Issue, pp. 133-137, 141). 
Most of the stages in the manufacture of automobile and 
aero-engne crankshafts are described, including the laying- 
out and sinking of the dies, forging, twisting, inspection, and 
heat-treatment.—J. P. s. 

The Materials Problem for Mandrels for Metal Tube Presses. 
K. Laue. (Metallwirtschaft, 1948, July, pp. 228-229). The 
author criticizes the recommendations of H. Assmann in a 
paper on low alloy steels for mandrels for tube presses, in 
particular with regard to the use of a 2% tungsten steel for 
large mandrels for pressing magnesium—aluminium alloys. 
(See Journ. I. and §.1., 1948, vol. 160, Nov., p. 325).—R. A. R. 

Production of Pipes from Stainless and Heat-Resisting 
Steels. G. P. Pishikov, G. T. Aleinichenko, and N. 8S. Alferova. 
(Bulletin de l’Association Technique de l’Acier et des Métaux 
Non-Ferreux, 1948, vol. 2, Oct., pp. 18-22). This is a French 
translation of an article, which appeared in Russian, in Stal, 
1948, No. 1, pp. 51-54 (see Journ. I. and 8.1., 1948, vol. 159, 
July, p. 333).—R. F. F. 

The Corrugating of Sheet Metal. J. E. Kiefer. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
218-224). See Journ. I. and S8.1., 1947, vol. 157, Sept., p. 145. 

Practice and Theory in Drawing Mild Steel. N. Piret. 
(Wire Industry, 1948, vol. 15, Oct., pp. 665-667). Starting 
from the formula of Pomp, Siebel, and Houdremont (see 
Journ. I. and §.I., 1929, No. I, p. 737), the author develops 
simple formule for calculating the power requirements for 
drawing mild steel wire.—nr. A. R. 

Carbide Die Maintenance. R. Saxton. (Metallurgia, 1948, 
vol. 38, Oct., pp. 314-316). The machines and techniques 
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used for maintaining carbide wire- and tube-drawing dies 


are described.—R. A. R. 

Drawing Die Problems and Formulae. J. Walker. (Tool 
Engineer, 1947, vol. 18, July, pp. 29-34; Aug., pp. 31-35 ; 
Sept., pp. 35-38: [Abstract] Centre de Documentation 
Sidérurgique, Bulletin Analytique, 1948, vol. 5, May, p. 18). 


ROLLING-MILL PRACTICE 


Calculation of the Heating of Asynchronous Rolling-Mill 
Motors. G. M. Kayalov. (Elektrichestvo, 1948, No. 3, pp. 
48-54: Electrical Engineering Abstracts, 1948, vol. 51, 
Nov., p. 277). An attempt is made to calculate analytically 
the heating due to internal losses without the need for 
constructing the load-to-torque diagram, to find the equivalent 
torque, and also to eliminate inherent inaccuracies in the 
calculation of the latter. An equation for the equivalent 
moment, given by Shubenko (Elektrichestvo, 1936, Nos. 
15 and 16) is considered inaccurate as the mechanical charac- 
teristic of the motor is assumed linear, thus reducing the 
accuracy. In view of this, the torque of the motor is calculated, 
using curves for standard motors. An equation is derived 
for the mean copper loss in the motor for one cycle of operation. 
The heating is thus calculated. 

Spot Conversion for Adjustable Speed Drives. W. R. 
Hough and R. A. Geuder. (Proceedings of the Association 
of Iron and Steel Engineers, 1947, pp. 91-98). See Journ. 
I. and 8. I., 1947, vol. 156, Aug., p. 579. 

Adjustable Voltage Drives Help Speed Auxiliary Equipment. 
G. A. Kaufman. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 98-100). See Journ. I. and §.1., 
1947, vol. 156, Aug., p. 579. 

Electrical Equipment for the Sendzimir Cold Strip Mill. 
H. W. Poole. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 636-645). See Journ. I and S.I., 
1948, vol. 158, Mar., p. 400. 

Hydraulic Drives for Cold Strip Rolling Mills. 
Steelmaker, 1948, vol. 14, Aug., pp. 380-382). “ V.8.G.” 
Hydraulic Drives for Cold Strip Rolling Mills. (Machinery, 
1948, vol. 73, July 15, pp. 76-77). A “ V.S.G.” hydraulic 
drive designed for a reversing 4-high mill stand is described 
and details of its operation are given.—k. F. F. 

Modern Electric Equipment for Cold-Strip Reduction Mills. 
W. E. Miller. (General Electric Review, 1948, vol. 51, Mar., 
pp. 22-29 : [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1948, vol. 5, June, p. 19). The author 
discusses the rolling-mill motors, control circuits and tandem 
mill trains. 

Progress in Electrical Steel Plant Drives. A. A. Kenyon. 
(Blast Furnace and Steel Plant, 1948, vol. 36, Oct., pp. 1216— 
1221). The types of motor and controls developed in recent 
years for slabbing and plate mills and hot- and cold-strip 
mills are described.—J. P. s. 

Discussion of Mill Motor Standards. F.W. Cramer. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp- 139-150). See Journ. I. and S.I., 1947, vol. 157, Sept., 
p. 146. 

A.LS.E. Standard No. 1—D.C. Mill Motor Standards. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 732-738). 

Contact Stresses in the Rolling of Metals. I. C. W. Mac- 
Gregor and R. B. Palme. (Symposium on Flow and Fracture 
of Metals: Journal of Applied Mechanics, 1948, vol. 15, 
Sept., pp. 297-302). Special equipment is described which 
was designed and constructed to investigate the distribution 
of the normal pressures, and the longitudinal and transverse 
shearing stresses along the arc of contact during the rolling 
of metals between plain cylindrical rolls.—nr. a. R. 

Graphical Roll Calibration. G. Wallquist. (Iron and Steel 
Institute, Translation Series, 1948, No. 363). An English 
translation is presented of a paper which appeared in Jernkon- 
torets Annaler, 1948, vol. 132, No. 2, pp. 27—41 (see Journ. 
I. and 8.1., 1948, vol. 159, May, p. 93).—-R. A. R. 

Composition Bearings. W. A. Rankin. (Proceedings of the 
Association of Iron and Steel Engineers, 1947, pp. 107-109). 
See Journ. I. and §.I., 1947, vol. 156, Aug., p. 578. 

Improved Design for Rail and Structural Mills, H. F. 
Voigt and F. Eisel. (Proceedings of the Association of Iron 
and Steel Engineers, 1947, pp. 711-725). See Journ. I. and 
8.1., 1948, vol. 158, Mar., p. 400. 
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Methods for Rolling Angles. A. L. Lhermitte. (Blast 
Furnace and Steel Plant, 1948, vol. 36, Aug., pp. 957-960). 
By employing butterfly and W-methods in rolling angles, 
a bigger billet may be used and no difficulties are experienced 
in filling the pass. Theoretical calculations are shown.—J. P. 8. 

The Art of Rolling Rounds. C. P. Hammond. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
13-24). See Journ. I. and §.I., 1947, vol. 156, Aug., p. 578. 

Rod Mills and Rod Mill Roll Design. R. E. Beynon. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp. 342-368). See Journ. I. and §8.I., 1947, vol. 157, Sept., 
p-. 146. 

The Art of Rolling Hexagons and Octagons. C. P. Hammond. 
(Iron and Steel Engineer, 1948, vol. 25, Aug., pp. 37-50). 
An illustrated description is given of the methods used in the 
rolling of hexagon and octagon sections. The design of the 
various roll grooves is shown.—k. E. 

Homestead’s 160 in. Plate Mill. W. H. Gilleland and W. D. 
Hacker. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 581-589). See Journ. I. and §.I., 1948, 
vol. 158, Jan., p. 153. 

Modern Manufacturing Methods for the Production of 
Steel Sheets. H. H. Stanley. (Institution of Production 
Engineers: Sheet Metal Industries, 1948, vol. 25, Aug., 
pp. 1537-1544, 1558). The hand mill process for producing 
silicon steel sheets, sheet rolling in the mechanical mill, the 
development of cold reduction methods, and the production 
of sheets in the wide strip mill are described and illustrated. 

Roa, R. 

Thickness Gage for Moving Sheets. J. W. Head. (Electronics, 
1948, vol. 21, May, pp. 90-92 : Electrical Engineering Abstracts 
1948, vol. 51, Nov., p. 284). The output from a 1 kc./sec. 
oscillator is applied after amplification to a standard and 
a measuring head. These are identical loose-coupled trans- 
formers, the separation and coupling between windings 
depending upon the thickness of material drawn between 
them. Standard thickness material is maintained permanently 
in the standard head. The two secondaries are balanced 
against one another in a bridge circuit and the out-of-balance 
voltage provides, by means of a phase-comparison network, 
a meter indication which is larger or smaller than standard, 
depending upon the deviation of the material from standard 
thickness. The working range of thickness is 0-001 in. to 

-1-0 in., and full deflection is obtained for a deviation of 

:- 0-0005 in. Any non-magnetic material can be gauged. 

Contribution to the Study of Strip Mills. P. Blain. (Société 
Francaise de Métallurgie, Oct. 9, 1947 : Revue de Métallurgie, 
Mémoires, 1948, vol. 45, Aug., pp. 241-248). The author 
first discusses the operating stresses in mills of the classic 
type where no tension is applied to the strip, and then considers 
the effects of the application of tension. Next he presents a 
general classification of strip mills based on the manner in 
which the material is rolled. Finally, he describes briefly 
the new type of cold-strip mill developed and built at the 
Aciéries de Firminy. The object was to design mills of high 
output, that is, capable of heavy drafts, at the same time 
turning out @ product of uniform thickness even with blooms. 
of uneven thickness and hardness. The hydraulic precision 
screw-down gear, the means of regularizing the thickness 
of the hot-rolled strip, and two mills in which the elongation 
is controlled by two methods, are illustrated and described. 
In the first method the strip is coiled on rollers placed on 
either side of the mill stand ; a train of gears connecting the 
rollers determines the extent of the elongation. In the 
second method the rate at which the material enters and 
leaves the rolls is measured by an appliance which then 
controls the screw-down gear and so ensures that the desired 
elongation is achieved.—a. FE. c. 

Added Facilities Increase Republic’s Stainless Steel Capacity. 
R. J. Willson. (Blast Furnace and Steel Plant, 1948, vol. 
36, ig pp. 1203-1206). The Republic Steel Corporation’s 
new Enduro plant at Hassillon, Ohio, includes two 66-in. 
mills, one for breakdown, the other for the skin pass, and a 
54-in. mill for cold reducing and finishing. Annealing, 
pickling, and slitting plant is also installed.—s. P. s. 

New Company Installs Precision Strip Mill. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
288-289). The new Sendzimir strip mill of the W: ashington 
Steel Corp. is described. (See Journ. I. and §.I., 1947, vol. 
157, Sept., p. 146). 
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Electrical Control for the New 56 in. Continuous Hot Strip 
a the Steel Company of Canada, Ltd. D. C. McCrady and 
. J. Shortall. (Proceedings of the Association of Iron and 
Steck Engineers, 1947, pp. 63-69). See Journ. I. and S.L., 
1947, vol. 156, June, p. 312. 

The Heating and Rolling of Strip Steel. P. Carnahan. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 198-203). See Journ. I. and 8.1., 1947, vol. 157, 
Sept., p. 146. 

Weirton Builds High Speed Cold Mill. (Proceedings of the 
Association of Iron and Steel Engineers, 1947, pp. 430-431). 
The No. 6 mill of the Weirton Steel Co., which is described, 
is capable of rolling hot-rolled pickled. strip up to 38 in. 
wide and (0-093 in. thick, down to 0-008 in., or less, at speeds 
up to 5000 ft./min. It is a five-stand tandem mill, with four- 
high stands. The first three stands are driven by single 
motors connected through pinions to the work rolls ‘without 
any reduction gears. The other two stands are operated by 
twin motor drives connected to the rolls by accelerating gear 
sets.—R. E. 

Mile-a-Minute 5-Stand Tandem Mill Now in Operation. 
A. J. Winchester. (Electrical Engineering, 1948, vol. 67, Aug., 
pp. 742-746). A description is given of the electrical equipment 
for controlling the 5-stand 42-in. tandem cold-reduction 
tinplate mill, completed in 1947 at the works of the Weirton 
Steel Co., which can roll strip up to 38 in. wide at speeds up 
to 5000 ft./min.—R. A. R. 

Reversing and Tandem Cold Mills. M. D. Stone. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 265 
272). See Journ. I. and §.I., 1947, vol. 157, Sept., p. 147. 

Tension Sizing of Small Diameter Seamless Pipe and Tubing. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 110-124). The author points out the disadvantages 
of the conventional sinking-sizing process and describes 
and illustrates the stretch-reducing mill of the National Tube 
Co. The progress of a tube through seven stands of a 16- 
stand stretch-reducing mill is shown by means of a chart. 
The factors determining wall reduction which affect the end- 
thickening of the wall of the reduced tube, and the important 
part played by roll-speed relationships in the determination 
of wall reduction and end-thickening are discussed.—R. EF. 


MACHINERY FOR IRON AND STEEL. PLANT 


Emergency Load Control of Power Houses. K. 5. 
Kuka. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 527-530). See Journ. I. and §.1., 1948, 
vol. 158, Feb., p. 272. 

Maintenance of Diesel Switching Locomotives. KR. W. 
Van Saut, jun. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 561-565). See Journ. I. and §.1., 
1948, vol. 158, Jan., p. 154. 

Maintenance in the Boiler House. L. D. Hoadley. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp. 511-514). See Journ. I. and §.1., 1948, vol. 158, Feb., 
p- 272. 

Economics of High Pressure Steam for Steel Mill Power. 
F. A. Sawyer. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 574-580). See Journ. I. and S8.L., 
1948, vol. 158, Feb., p. 272. 

Power Cycles and Power Generating Equipment. A. R. 
Smith. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 659-666). See Journ. I. and S8.I., 1948, 
vol. 158, Mar., p. 401. 

Surge Voltages in Steel Mill Circuits. G. D. McCann. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 170-176). The author discusses lightning protection 
at substations of electric power systems.—R. E. 

Application and Maintenance of Hydraulic Equipment. 
C. E. Powell. (Proceedings of the Association of Iron and 
Steel Engineers, 1947, pp. 377-397). See Journ. I. and §.1., 
1947, vol. 157, Nov., p. 472. 

Design and Air-Conditioning of a Full-Vision Crane Cab. 
R. Darrah. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 70-75). See Journ. I. and §.I., 1947, 
vol. 156, May, p. 135. 

Electric Counterweights for Ingot Stripping Cranes. R. J. 
Harry. (Proceedings of the Association of Iron = Steel 
Engineers, 1947, pp. 177-179). See Journ. I. and 8.1., 1948, 
vol. 159, June, p. 220. 
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Gearing for Steel Mill Auxiliaries and Cranes. L. J. Collins. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 273-282). See Journ. I. and §8.I., 1947, vol. 157, 
Sept., p. 147. 

Plugging Methods for Mill and Crane Motors. E. J. Posselt. 
(Proceedings of the Association of Iron and Steel Engineers 
1947, pp. 417-429). See Journ. I. and 8.1., 1947, vol. 157, 
Nov., p. 472. 

Maintenance of Steel Mill Cranes. A. J. F. MacQueen. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 611-617). See Journ. I. and §.1., 1948, vol. 158, 
Feb., p. 272. 

Selection of Gear Ratios for Crane Bridge Drives. J. L. 
Skeehan. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 739-744). See Journ. I. and S.I., 1948, 
vol. 158, Mar., p. 401. 

Design of Hot Metal Ladles. F. E. Kling. (Proceedings of 
the Association of Iron and Steel Engineers, 1947, pp. 53-54). 

Design of Ladle Hooks. |. W. Muhlenbruch. (Proceedings of 
the Association of Iron and Steel Engineers, 1947, pp. 51-53). 

Shaft Oscillations Due to Bending—The Critical Speed of a 
Shaft. (Technische Rundschau, 1948, July 9, pp. 1-2; July 
16, pp. 9-13). The critical speed of a shaft is mathematically 
defined and methods of calculating it are described.—kr. G. 

Handling Materials for Steel Making. C. M. Parker. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 151-152). See Journ. I. and S§.I., 1947, vol. 156, 
Aug., p. 579. 

Belt Conveyors, Bunkers, and Chutes for Iron and Steel 
Works. J. Brimelow. (Journal of The Iron and Steel Institute, 
1948, vol. 160, Oct., pp. 185-196). A description is given of 
the chief items used in belt-conveyor construction. The manu- 
facture of the belt is briefly described and reference made to 
the method of specifying the components parts. The effect of 
the shape of the troughing idler on capacity and guiding is 
discussed, and the trend of modern design is noted. In the 
design of conveying plant the necessary width of belt, as 
affected by the maximum lump size or by the thickness of 
the belt required for power transmission, is considered. 
The carrying capacity of belts in relation to their width is 
given, also the maximum speeds used, together with a combined 
expression for maximum conveying capacity. The estimation 
of horse-power, belt tension, and the effect of belt stretch 
at bend and drive pulleys are discussed. Bunkers are briefly 
mentioned, and also the use of bottom and side discharge 
gates for materials of different qualities. 

Surface Finish. H. B. Conover. (Proceedings of the Associa- 
tion of Iron and Steel Engineers, 1947, pp. 54-56). See 
Journ. I. and §.1., 1948, vol. 159, June, p. 220. 

Scraping. (Technische Rundschau, 1948, July 9, pp. 17- 
19). The scraping of bearings of different sizes, and its relation 
to the lubrication and load are discussed. A graph is given for 
computing the time required for scraping in. Methods of 
measuring the area of effective bearing surfaces are also 
considered.—®. G. 


WELDING AND FLAME-CUTTING 


The British Welding Research Association. (Metallurgia, 
1948, vol. 38, Sept., pp. 276-279). The past year’s work of the 
British Welding Research Association is reviewed.—R. A. R. 

Influence of the Electrode Quality and the Skill of the Welder 
on the Results Obtained with Longitudinal Bead Welds in 
Slow Bending Tests. F. Faltus. (Svaiovani, 1948, vol. 8, 
No. 6, pp. 81-92). [In Czech]. A series of tests was carried 
out to obtain information on the influence of welding electrodes 
and skill of the welder on the result of slow bend tests on 
longitudinal bead welds. A steel of 37 kg./sq. mm. tensile 
strength was the subject of experiments and welds were 
made with a variety of electrodes, welding currents, and 
skilled and unskilled personnel. Notched-bar impact_ tests 
were also applied. The tests showed that unsuitable electrodes 
and incorrect working methods had little effect on the results 
of slow bend tests on longitudinal bead welds, and such 
tests are frequently less indicative of the weldability than 
impact tests. Electrode quality, bending angle at which the 
first crack appears, electrode melting speed, quantity of 
metal deposited, hardness of the weld and the heat-affected 
zone, welding current, and influence of welding at low tempera - 
ture and by unskilled personnel did not seem to influence the 
results of slow bend tests. There appears to be a certain 
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relation between the tendency to develop cracks and the 
product of the welding current and quantity of the weld 
deposit.—.. G. 

New Welding Electrode Specifications. T. E. Lloyd. (Iron 
Age, 1948, vol. 162, Oct. 28, pp. 70-73, 131). Complete 
new specifications have been jointly produced by the American 
Welding Society and the American Society for Testing 
Materials. In this article the compositions and properties 
of electrodes for welding copper and copper alloys, low 
alloy structural steels, and mild steels are given.—J. P. Ss. 

New Developments and Knowledge Relating to Welding Rod 
Materials. K. L. Zeyen. (Stahl und Eisen, 1948, vol. 68, 
Aug. 12, pp. 305-309 ; Sept. 9, pp. 357-360). Recent develop- 
ments in welding processes and welding electrodes in Holland, 
Great Britain, and the United States are discussed, and 
specifications for welding electrodes are compared.—R. A. R. 

Overheating of Electrodes. I. L. Stern. (Welding Journal, 
1948, vol. 27, July, pp. 522-526). The heating of the electrode- 
coating by the passage of current through the electrode 
produces deleterious effects, notably in the loss of moisture 
and the decomposition of organic constituents ; this tends to 
produce welds of lower ductility and in some cases, excessive 
porosity. In this study electrodes were deliberately heated 
by the passage of current, temperatures of rod and coating 
being taken with thermocouples; the physical changes, 
weight loss, subsequent behaviour of the electrode in welding, 
and the nature of the weld produced were noted. The physical 
properties of the welds remain to be investigated.—s. P. s. 

The Wear Resistance and Economy of Welded Coatings. 
H. Wahl. (Metalloberflache, 1948, vol. 2, Aug., pp. 169-170). 
The wear resistances of welded deposits on steel were compared 
by pressing specimens with an equal load against a revolving 
dise of abrasive paper. The welded deposits tested were 
austenitic steel, low alloy steel, Stellite, high-speed steel, 
alloy cast iron, ordinary cast iron, a chromium—iron powder- 
metallurgy alloy, and alloys with an addition of tungsten 
carbide. The best results proved to be 100 times better 
than the worst. Some alloys of equal hardness gave different 
resistance to wear. Data on the cost of depositing coatings 
3 mm. thick on an area of 100 sq. cm. are given.—R. A. R. 

Residual Stresses in Spot-Welded Joints. V. Hauk. (Zeit- 
schrift fiir Metallkunde, 1948, vol. 39, Sept., pp. 276-279). 
An X-ray method of determining residual stresses and 
its application to determining stresses in the neighbourhood 
of a single spot weld and a double row of spot welds are 
described.—R. A. R. 

The Present Position of Residual Stresses in Welded Structures. 
R. Weck. (Revue de la Soudure/Lastijdschrift, 1948, vol. 4, 
No. 3, pp. 149-158). See Journ. I. and S.I., 1948, vol. 160, 
Nov., p. 326. 

Determination and Reduction of Residual Stresses. W. 
Soete. (International Welding Conference, Brussels, June, 
1948: Revue de la Soudure/Lastijdschrift, 1948, vol. 4, 
No. 3, pp. 159-169, 158). An industrial method for the 
determination of residual stresses is described, and investiga- 
tions on the reduction of residual stresses in welds are reviewed. 
A bibliography of twenty-three references is appended.—k. F. F. 

The Problem of Materials in the Welding of Stainless and 
Heat-Resisting Steels. T. Norén. (Dansk Teknisk Tidsskrift, 
1948, vol. 72, Sept., pp. 143-152; Oct., pp. 165-172). [In 
Swedish]. The characteristic properties and microstructures 
of the stainless and heat-resisting steels are reviewed and 
the welding electrodes and techniques suitable for them 
are described. Among many applications discussed is the 
welding of chromium -nickel armour plate.—Rk. A. R. 

Welding Stainless Containers by Inert-Gas Shielded-Arc 
Process. (Steel, 1948, vol. 123, Nov. 1, pp. 82-83). The 
welding of stainless steel of #4; in. and in. thickness by the 
Heliare process is very briefly described and very copiously 
illustrated.—J. P. Ss. 

Oxy-Acetylene Pressure Welding. ©. G. Keel. (International 
Welding Conference, Brussels, June, 1948: Revue de la 
Soudure/Lastijdschrift, 1948, vol. 4, No. 3, pp. 134-148, 
157). Modern developments in oxy-acetylene pressure 
welding are reviewed. The bibliography contains sixty-two 
references.—R. F. F. 

Electric Resistance Welded Steel Tubing. E. W. Allardt. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 453-464). See Journ. I. and 8.1, 1947, vol. 157, 
Dec., p. 640. 
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Automatic Welding in Steel Plant Maintenance. H. E. 
Holman. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 212-217). See Journ. I. and S.I., 1947, 
vol. 157, Sept., p 148. 

Welding Applications in Ore Bridges. G. F. Wolfe. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp. 623 -628). See Journ. I. and S.I., 1948, vol. 159, Jan., 
p, 153. 

Reclaiming a Broken 54 in. Mill Pinion. W. W. Scherer. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 518-523). See Journ. I. and S.1., 1947, vol. 158, 
Feb., p. 273. 

Repair of Worn Coal-Pulveriser Hammers. T. J. Palmer. 
(Iron and Coal Trades Review, 1948, vol. 157, Oct. 29, 
pp. 941-946). Rapid wear of hammer parts in swing-hammer- 
type pulverizers resulted in tests to determine the practic- 
ability of reclamation. The author outlines the steps taken 
and the procedure by which hammers are first built up to 
slightly oversize with a low-alloy steel filler metal, milled 
to a particular shape and given a hard face using a welding 
rod developed as a result of experience gained during successive 
trials at Stewarts and Lloyds, Ltd. Corby. 

Bronze Welding or Fusion Welding for Repairing Cast Iron ? 
H. B. Gilson. (Materials and Methods, 1948, vol. 28, Sept., 
pp- 74-76). The choice of either bronze or fusion welding for 
cast iron is discussed. Either process may be used for parts 
to operate at up to 500° F., but for service at higher tempera- 
tures fusion welding should be applied. Fusion welding is 
better for oil-soaked and brine-soaked castings.—R. A. R. 

Flame Conditioning and Cutting of Stainless Steels. D. H. 
Fleming. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 76-78). See Journ. I. and S.I., 1947, 
vol. 156, June, p. 313. 

Flame Deseaming. |. Judelsohn. (Proceedings of the 
Association of Tron and Steel Engineers, 1947, pp. 707-710). 
See Journ. I. and 8.1., 1948, vol. 158, Apr., p. 533. 


MACHINING AND MACHINABILITY 


On the Process of the Scratching of Metals. E. N. Maslov. 
(Zavodskaya Laboratoriya, 1948, vol. 14, July, pp. 834- 
839). [In Russian]. The process of scratching a metal by an 
ideally sharp diamond cone is first considered theoretically, 
and the discussion is then extended to allow for departure 
from ideal sharpness. The forces acting on the cone and on 
the metal during scratching are dealt with and equations 
are given for the relationships between these forces and other 
parameters of the process. A description is given of an appara- 
tus for the measurement of scratching forces, and the results 
obtained in experiments on several types of steel, cast iron, 
silumin (10-69% silicon), and some non-ferrous products are 
set forth. It is concluded that in this type of test the magnitude 
of the scratching force for a given width of scratched groove 
corresponds to the hardness.—s. K. 

The Diamond as a Grinding and Polishing Agent. J. 
Merlijn. (Osterreichischer Maschinenmarkt und Elektro- 
wirtschaft, 1948, vol. 3, Sept., pp. 293-296). 

Improvement of Machinability in High Phosphorus Gray 
Cast Iron. W. W. Austin, jun. (American Foundrymen’s 
Association, 1948, Preprint, No. 48-21). After a review of 
the literature on the metallurgy of cast iron and its relation 
to machinability, an investigation carried out to find com- 
mercial methods of improving machinability of high phos- 
phorus grey cast iron is described. Three fundamental methods 
of approach have been followed in this investigation: (1) 
Modification of the mode of occurrence of the phosphide 
constituent in the microstructure ; (2) control of the micro- 
structure exclusive of the phosphide constituent. The aim of 
this method is to produce a soft ferritic matrix instead of the 
relatively hard pearlitic matrix which is normally character- 
istic of high-phosphorus grey iron ; and (3) outright removal 
of constituents known to be detrimental to machinability. 
The results indicate that improvement of machinability of a 
selected base iron can be attained by a combined treatment 
involving sodium carbonate desulphurization and zirconium 
alloy addition.—R. F. F. 

Machining Processes in Perspective. O. Svahn. (Teknisk 
Tidskrift, 1948, vol. 78, Sept. 18, pp. 581-586). [In Swedish}. 
Machinability, machining speeds, power requirements for 
machining, costs, and standards of surface roughness are 
discussed.—R. A. R. 
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Machining Work-Hardening Steels. W. M. Halliday. 
(Metallurgia, 1948, vol. 38, Sept., pp. 254-256). After 
outlining several causes of the work-hardening of stainless 
and certain alloy steels, methods of preventing work-harden- 
ing during machining are briefly described. Careful checks 
should be made on tool angles and sharpness, machine 
settings, rigidity, speeds, lubrication, and coolant. Everything 
should be done to prevent interruption or slowing down of the 
machine after cutting has started. Grinding with a soft 
grade of wheel is recommended for removing a work-hardened 
layer, but specially designed cutting tools can also be used. 
Drills to penetrate a hard layer should have the included 
angle changed from 118° to 105°.—Rr. A. R. 

General Machining of Stainless Steels. W. F. Walker, 
(Mechanical World, 1948, vol. 124, Oct. 15, pp. 435-439, 
448-540). Recommendations are made and practical data 
are given on the regular workshop machining processes for 
stainless steel.—R. A. R. 

Soluble Oils for Cutting and Grinding Operations. ©. M. 
Larson. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 667-671). See Journ. I. and S.1., 1948, 
vol. 159, May, p. 96. 


CLEANING AND PICKLING 


Molten Salt Descaling by the Efco-Virgo Process. J. A. 
Monks and J. McMullen. (Metallurgia, 1948, vol. 38, Oct., 
pp. 311-314). Descriptions are given of descaling plants 
incorporating a molten-salt tank containing the Efco-Virgo 
salts. The scale is chemically and physically modified by 
the action of the salts at 480-540° C. The salt (of patented 
composition) consists of caustic soda with active ingredients 
which convert the refractory oxide to one of a flocculent 
nature capable of solution in a weak acid. This physical 
change is partly due to the volume increase of the scale 
which is such that the rupturing effect of the steam produced 
in the cold-water quench dislodges the greater part of it 
leaving the remainder as a loosely adherent fine deposit. It 
is claimed that the process eliminates the waste liquor 
disposal problem.—R. A. R. 

Continuous Strip Pickling. E. D. Martin. (Yearbook of the 
American Iron and Steel Institute, 1948, pp. 602-689). See 
Journ. I. and §.1., 1948, vol. 160, Oct., p. 228. 

A Combined Installation for Continuous Pickling and Drying. 
R. Gille. (Electricité, 1948, vol. 32, Feb., p. 32). A description 
is given of an installation for continuous pickling and drying 
by infra-red rays. 

Preparation of the Surface of Sheets before Enamelling. 
P. Tyvaert. (Fonderie, 1948, Apr., pp. 1133-1134). A brief 
practical note on the steps taken to prepare the surface of 
sheets prior to enamelling is presented.—s. c. R. 

Submerged Combustion in Industry. W. G. See. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
153-161, 169). See Journ. I. and 8.1., 1947, vol. 157, Sept., 
p- 149. 

Scale Removal and Surface Preparation with Sodium 
Hydride. H. L. Alexander. (Proceedings of the Association 
of Iron and Steel Engineers, 1947, pp. 244—251). See Journ. 
I. and 8.I., 1947, vol. 157, Sept., p. 149. 

Surface Preparation of Semi-Finished Tool Steel. S. F. 
Magis. (Proceedings of the Association of Iron and Steel 
Engineers, 1947, pp. 672-686). See Journ. I. and 8.1., 1948, 
vol. 158, Mar., p. 403. 

Surface Preparation of Semi-Finished Steel. J. W. Deimler. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 704-706). See Journ. I. and 8.I., 1948, vol. 158, 
Mar., p. 403. 

Surface Preparation by Electropolishing. ©. L. Faust. 
(Pittsburgh International Conference on Surface Reactions, 
June, 1948, pp. 187-195). The electropolishing of stainless 
steel and non-ferrous metals is reviewed with notes on the 
physical and chemical properties of the surfaces obtained. 
There is a bibliography of ninety-four references.—R. A. R. 

Use of Monel in Iron and Steel Pickling Equipment. (Iron 
Age, 1948, vol. 162, Oct. 21, p. 82). The use of Monel pickling 
crates in standard pickling conditions, (5-15°, by weight of 
sulphuric acid at 140°-200° F.) has proved very satisfactory ; 
it is not so corrosion-resistant in continuous or batch-type 
pickling drums which are not completely immersed in the 
liquid, as the exposed surfaces of the drum may become 
covered with a thin layer of highly aerated acid, which causes 
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accelerated corrosion, while the area of contact between 
drum and loading may be insufficient to provide galvanic 
protection. In the case of Monel tanks it is found that where 
heating is by closed coils, corrosion does not occur, except in 
coils heated with sulphur-containing combustion gases ; 
tanks heated with live steam or combustion gases are likely 
to suffer unusually high corrosion rates in the lower part 
because of the impingement and the high acid velocities. 
J.P. 8. 

Disposal of Pickling Liquors. B. J. Queern. (Wire and Wire 
Products, 1948, vol. 23, Aug., pp. 665-668, 721). Treatments 
for waste pickling liquors are discussed and three types of 
treatment are described. These are : (1) Treatment of batches 
of 1000-2000 gal. from small plants ; (2) continuous treatment 
of strong liquors and wash waters from small plants; and 
(3) continuous treatment from larger plants. A plant of 
type (3) is proposed in which finely ground high-calcium 
limestone combined with air oxidizes the ferrous salts to the 
ferric state; this results in a complex ferric-oxide/gypsum 
residue of a crystalline instead of a slimy nature.—R. A. R. 


PROTECTIVE COATINGS 


Some Metallurgical Aspects of Electrodeposits. C. E. 
Heussner, A. R. Balden, and L. M. Morse. (Plating, 1948, 
vol. 35, June, pp. 554-561, 577, 578; July, pp. 719-723, 
768). The structure and properties of electrodeposited coatings 
are discussed. Sixteen micrographs of copper, nickel, and 
chromium deposits are critically examined and data are 
presented on : (a) hardness of coatings as-plated, fully annealed, 
and work-hardened ; (b) effect of addition agents on the stress, 
ductility, and brightness of nickel coatings; (c) internal 
stress in coatings; and (d) ductility of coatings. Finally, 
the effect of the structure and physical properties of coatings 
on the appearance and resistance to corrosion and fatigue 
is dealt with.—Rr. A. R. 

Statistical Quality Control and the Electro-Deposition 
Process. G. F. M. Young. (Engineering Inspection, 1948, 
vol. 12, Autumn Issue, pp. 4-18). A method of statistical 
quality control which is operating successfully in a plating 
shop is described. The shop has a fairly heavy production 
but not sufficient to justify fully automatic equipment. 
The sequence of processes is described in detail with examples 
of the control charts used and their application to correct 
defects in quality.—Rr. A. R. 

Notions on Finishing. W. F. Coxon. (Industrial Finishing 
(U.K.) 1948, vol. 1, Aug., pp. 9-17: Z.D.A. Abstracts, 
1948, vol. 6, Oct., p. 152). British Standard plating specifica- 
tions necessitate greater control over electroplating solutions. 
The author concludes that only by using fully automatic 
equipment will this be possible. Types of automatic and semi- 
automatic plants are described with data on their output and 
operation. The order of processing articles and the times of 
immersion in copper, zinc, cadmium, tin, bright nickel, 
and chromium baths are described. 

Study of the Diffusion of Metallic Coatings. H. Biickle. 
(Publications de l'Institut de Recherche Scientifique, Tettnang, 
1946, No. 1, July, pp. 25-32 : [Abstract] Centre de Documenta- 
tion Sidérurgique, Bulletin Analytique, 1948, vol. 5, May, 
p-- 26). The author discusses the significance of the diffusion 
constant, diffusion in multiple phases, demonstrating the 
diffusion of metallic coatings, the suggestion that the degree 
of diffusion should be expressed by a number, and the caleu- 
lation of the depth of penetration. 

Throwing-Power Distribution in the Plating Bath. J. 
Fischer. (Metalloberfliche, 1948, vol. 2, Mar., pp. 49-60). 
Factors affecting current and metal distribution in the plating 
bath are defined and discussed. Other investigators’ work is 
critically reviewed and the author’s own research is reported. 
Current distribution is determined only by polarization and 
conductivity. Additions of high-conductivity salts to a nickel 
chloride bath increase the polarization, but only up to a 
given salt concentration. The effect of additions of NH,Cl, 
NaCl, Na,SO,, MgSO,, and sodium citrate on the conductivity 
of the bath is shown by a series of curves. The current 
distribution is not a direct function of the conductivity of 
the bath ; polarization and conductivity approach a state of 
equilibrium, and with continued increase in conductivity 
the effective potential difference decreases. All the experi- 
ments indicated that it is impossible to achieve a completely 
homogeneous distribution of current.—Rr. A. R. 
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Adhesion of Electrodeposits. VI—-Determination of Adhesion 


through the Use of Cement. (Plating, 1948, vol. 35, July, 
pp. 724-729). To meet the difficulty of attaching a metal 
strip to a tongue of deposited metal coating in order to carry 
out a coating-adherence test, trials were made using synthetic- 
resin cements. The tentative conclusions were: (1) Careful 
cleaning is necessary before applying any cement ; (2) close 
control of the drying and curing is essential ; (3) with the 
cements tried, the adherence test could not be made before 
24 hr. had elapsed ; and (4) a bond strength of 4000-6000 Ib. 
sq. in. could be obtained, but not consistently.—k. A. R. 

Testing the Porosity of Metallic and Non-Metallic Protective 
Coatings. H. Krause. (Metalloberfliche, 1948, vol. 2, Jan., 
pp. 17-18). The ferricyanide and copper sulphate processes 
of detecting porosity in metal coatings are described.—k. A. R. 

Thickness Measurements of Plated Coatings. A. G. Gray. 
(Products Finishing, 1948, vol. 12, June, pp. 48-58). A 
number of methods of determining the thickness of plated 
coatings are briefly described. In the General Electric 
Company’s electromagnetic tester the gauge head is connected 
into an electric bridge circuit and forms one arm. Another 
reactor, located inside the control unit, forms another arm 
of the bridge circuit. The impedances of the two arms are 
balanced, but when steel plated with a non-magnetic material 
is placed between the poles of the instrument the bridge 
circuit is thrown out of balance, and the amount of unbalance 
is measured on a scale calibrated to show the thickness. 

R. A. R. 

Continuous Coating. F. M. Morrow and K. Oganowski. 
(Yearbook of the American Iron and Steel Institute, 1948, 
pp. 577-601). See Journ. I. and 8.I., 1948, vol. 160, Nov., 
p. 329. 

Deposits of Electrolytic Copper as a Partial Protection 
against Cementation. (Galvano, 1945, vol. 14, June, pp. 
15-16). Copper deposits will protect an object when it is 
desired to carburize part of its surface: A table shows the 
thickness of copper deposit needed for protection, and the 
operating method is described.—R. F. F. 

The Hardness of Hard Chromium Coatings and the Current 
Efficiency in Relation to the Plating Conditions. W. Kilender, 
H. Arend, and E. Schmidtmann. (Metalloberfliche, 1948, 
vol. 2, Mar., pp. 49-52). Chromium-plating investigations 
are described the results of which showed that: (1) For 
every current density there is an optimum bath temperature 
which produces a coating of maximum hardness ; (2) the 
maximum hardness increases with the current density up to 
about 100 amp./sq. dm., and beyond that remains unchanged ; 
(3) maximum hardness is obtained with a low current density 
and a medium bath temperature ; and (4) the brightness of 
the coating made in a CrO, + H,SO, bath increases with the 
hardness, but with admixtures of H,SiF, the range of maxi- 
mum brightness requires a higher bath temperature than 
does that of maximum hardness.—R. A. R. 

The Production of Hard Chromium-Plated Bearing Surfaces 
with Good Running Properties. K. Gebauer. (Metallober- 
fliche, 1948, vol. 2, Aug., pp. 161-165). Physical and chemical 
methods of producing chromium-plated surfaces with good 
oil-retaining properties are described. The mechanical 
methods include knurling the steel surface before plating. 
Heating the plated part to 200° C. max. produces a network 
of ridges and pockets because of the different expansions of 
the base metal and the coating ; these pockets can be deepened 
by etching with acid.—k. A. R. f ’ 

The Wear-Testing of Hard Chromium Coatings. H. Wahl 
and K. Gebauer. (Metalloberfliche, 1948, vol. 2, Feb., pp. 
25-37). A method of testing the wear resistance of chromium- 
plated steel balls 17 mm. in dia. was devised in which the 
ball was held by an arm over a revolving disc covered with 
emery paper. A light load was applied to the ball holder, 


* and the arm moved the ball outwards across the disc as the 


latter revolved. The apparatus is described in detail and the 
results are presented of abrasion tests on many balls to study 
the effect of the plating conditions on the abrasion resistance 
of the coating. Hardness determinations were also made. 
There was a steady decrease in the wear with increasing 
Curves show the optimum current density and 


hardness. 
The 


bath temperature ranges for the electrolytes used. 
results confirmed those of R. J. Piersol.—Rr. A. R. ‘ 

The Gas Content of Hard Chromium Coatings Deposited 
in Sulphuric Acid Baths. W. Eilender, H. Arend, and E. 


FEBRUARY, 1949 











ABSTRACTS 


Schmidtmann. (Metalloberfliiche, 1948, vol. 2, July, pp. 
141-143). The hydrogen and oxygen contents of silver 
steel bars were determined before and after chromium 
plating in a bath containing 200 g. CrO, with 1% H,SO,. 
Increasing the current density increased the amount of gas 
taken up by the coating, and increasing the bath temperature 
decreased it. The optimum plating conditions for producing 
a coating with a minimum gas content were established. 

R. A. R. 

The Effect of Heat-Treatment on the Hardness and Gas 
Content of Hard Chromium Coatings. W. Eilender, H. Arend, 
and E. Schmidtmann. (Metalloberfliche, 1948, vol. 2, 
July, pp. 143-145). The hardness of chromium coatings 
decreases with increasing temperature of treatment, the 
decrease being greatest during the first hour. The room- 
temperature hardness corresponds to about 850 kg./sq. mm. 
(Vickers). The hydrogen content is decreased by heating, 
but the oxygen content remains unchanged.—R. A. R. 

The Use of Plastic Beads in Chromium Plating Tanks. 
A. C. Stern, L. P. Benjamin, and H. Goldberg. (Plating, 
1948, vol. 35, June, pp. 565-566). Experiments were made 
to determine whether a layer of plastic beads on a chromium- 
plating tank would provide a surface on which rising gas 
bubbles would burst and thus prevent the formation of 
dangerous chromic acid mist. The results showed that the 
plastic beads by themselves were not capable of reducing the 
mist within permissible limits, but they did assist local exhaust 
ventilation in decreasing the mist concentration.—Rr. A. R. 

Continuous Hot Galvanizing of Strip. E. A. Matteson. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 133-138). See Journ. I. and §.I., 1947, vol. 157, 
Sept., p. 150. 

Alloy Additions and Efficiency of Hot Galvanizing Baths. A. 
tordet. (Métallurgie, 1948, vol. 80, Mar., p. 26; Apr., pp. 
35-37 ; May, pp. 39, 41; July, pp. 21-22; Aug., pp. 17, 19; 
Sept., p. 21 ; Oct., pp. 41, 43). 

Improvements in Tinning. H. C. Rodgers. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
25-45). See Journ. I. and §.I., 1947, vol. 156, May, p. 137. 

The Tinning of Sheets with High Frequency Heating. G. H. 
Egri. (Elek. Verwertg., 1947, vol. 21, Feb.—Mar., pp. 250-251 : 
[Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1948, vol. 5, May, p. 24). A description is given 
of a process started in the U.S.A. in 1942 which effects an 
economy in the consumption of tin and considerably increases 
the production of tinplate. Notes are given on the high- 
frequency generators used. 

Methods of Tinning Cast Iron. P. Tyvaert. (Fonderie, 
1948, Mar., pp. 1099-1100). Practical notes are given on the 
tinning of cast iron by the hot-dip process and by electrolysis. 


J. 0. RB. 

West Coast Plant to Augment Supply of Electrolytic and 
Hot-Dip Cold-Reduced Tin Plate. (Steel, 1948, vol. 123, 
Nov. 1, pp. 100, 103, 104, 106, 109, 110). The plant of 
Columbia Steel Co., at Pittsburg, California, has been extended 
by the construction of a cold reduction mill and finishing 
facilities. Electrolytic and hot-dip tinned sheet, galvanized 
sheet, galvanized wire, spring wire, and welding wire are 
among many items produced. The new production units 
include: A 65-stand tandem, 4-high, cold-reduction mill, 
a continuous pickling unit, coil-annealing furnaces, controlled 
atmosphere generators, two 2-stand tandem 4-high tin 
temper mills, a sheet-galvanizing line, fourteen hot-dip 
tinning units, an electrolytic tinning line, and many accessory 
trimming, shearing, sorting, and piling units.—s. P. s. 

From Iron Ore to Tinplate. T. Fielding. (Tin-Printer and 
Box Maker/Canning Industry, 1948, vol. 24, Aug., pp. 4-6; 
Sept., pp. 4-7; Oct., pp. 4-6; Nov., pp. 6-7). A concise 
account is given of the sequence of processes involved in 
tinplate making from the occurrence of iron ore to the 
dispatch of the finished material.—nr. A. R. 

Aluminium Coating of Steel Products. A. Di Giulio. (Wire 
and Wire Products, 1948, vol. 23, Aug., pp. 670-675). A 
hot-dip method of coating steel products with aluminium 
is described in which the aluminium is kept in the molten 
state in an electric resistance furnace by lying on a molten 
salt in which the electrodes are immersed.—R. A. R. 

Aluminium-Plated Steel Strip. (Metallwirtschaft, 1947, 
Nov., pp. 83-84). See Journ. I. and S8.I., 1948, vol. 160, 
Oct., p. 229. 
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Plating Molybdenum, Tungsten, and Chromium by Thermal 
Decomposition of Their Carbonyls. J. J. Lander and L. H. 
Germer. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 2259 : Metals Technology, 
1947, vol. 14, Sept. : [Abridged] Metal Industry, 1947, 
vol. 71, Dec. 5, pp. 459-461; Dec. 12, pp. 487-489. The 
paper is in two parts, the first describing the deposition of 
molybdenum, tungsten, and chromium coatings by pyrolysis 
from their carbonyls, and the second the properties of the 
coatings obtained. An object is plated with molybdenum 
or tungsten by maintaining it at an elevated temperature 
while it is exposed to a ‘ plating gas’ consisting of a mixture 
of carbonyl vapour, hydrogen, and sometimes water vapour 
or some other gas. The plating chamber must be continuously 
exhausted in order to prevent the formation of oxide, to 
accelerate diffusion, and to remove the carbon monoxide 
resulting from carbonyl decomposition. The design of the 
plating chamber, furnace, and pumping system depend on 
the nature of the object to be plated and the type of coating 
required. Equipment for preparing the plating gas, called a 
‘ plating gas generator ’ can be almost universally applicable. 
A generator is described with which a plating gas of any 
desired proportions of carbonyl vapour, hydrogen, and water 
vapour at any desired total pressure over a wide range can 
be obtained. The reactions involved are explained. Molyb- 
denum coatings can vary in hardness over a wide range 
(Vickers 200 to 1500). The very soft coatings are very low 
in carbon (0-1 atomic %), whilst harder coatings may contain 
up to 35 atomic %. Data on the adhesion, hardness and 
structures of the coatings are presented.—R. A. R. 

The Pyrolytic Plating of Copper, Iron, and Steel Alloys 
with Molybdenum, Tungsten, and Chromium. E. RK. Thews. 
(Metalloberflache, 1948, vol. 2, Sept., pp. 193-196). The 
methods of depositing molybdenum, tungsten, and chromium 
from their carbonyls developed by J. J. Lander and L. H. 
Germer is described (see preceding abstract).—Rr. A. R. 

The Effect of Concentrated HNO, on Ferrosilicon Coatings 
on Steel. F. Erdmann-Jesnitzer. (Metallwirtschaft, 1948, 
Aug., pp. 264-265). Tests have shown that a ferrosilicon 
coating on a 0°3% carbon steel, although having good 
adherence, does not protect the parent metal from attack 
by concentrated nitric acid.—k. A. R. 

New Cold-Phosphatizing Technique for the Protection 
of Ships’ Hulls against Corrosion. F. Filippi and A. Nava. 
(Pitture e Vernici, 1948, vol. 4, Mar., pp. 121-123 : [Abstract } 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1948, vol. 5, June, p. 29). The author discusses the results 
obtained when ships’ plates were cold-phosphatized by the 
‘** Antiox ”” process. The structure of the deposit offers a 
good adherence to varnishes. 

The Phosphatizing of Sintered Iron. (Metalloberflache, 
1948, vol. 2, Aug., pp. 173-174). The process of bonderizing 
sintered iron products is briefly described. It is done in five 
stages, 7.e., degreasing, rinsing, Bonderizing, rinsing in cold 
and then in hot water, and drying. The corrosion resistance 
of sintered iron phosphatized by this method is equal to that 
of the cast metal.—Rr. A. R. 

Preparation of Metallic Surfaces before Painting. J. Frasch. 
(Science et Technique, 1948, vol. 6, No. 4, pp. 91-93 ; No. 5, 
pp. 111-114: [Abstract] Centre de Documentation Sidérur- 
gique, Bulletin Analytique, 1948, vol. 5, June, pp. 29-30). 
These articles describe the use of Framanol, a solution of 
chromium phosphates and polyamines, and Framalite, a 
solution of zine and potassium bichromates with a gelatine 
base, for treating metal surfaces before painting. 

Prepaint Treatment Combats Rust. F. R. Ayers. (Canadian 
Paint and Varnish Magazine, 1947, vol. 21, Mar., pp. 18-20: 
[Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1947, Nov.—Dec., p. 29). Thé advantages of 
phosphatizing before painting in combating corrosion are 
outlined. 

Rust Preventive Compounds. H. B. Carpenter. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
531-536). See Journ. I. and S.1., 1948, vol. 158, Feb., p. 277. 

Metal-Spraying Pistols. H. Reininger. (Metalloberfliche, 
1948, vol. 2, Jan., pp. 1-13). The development of metal- 
spraying pistols is reviewed, with drawings and descriptions 
of many different pistols.—R. A. R. 

Some Characteristics of Sprayed Metal. G. Tolley. (Metal- 
lurgia, 1948, vol. 38, Sept., pp. 263-266). Data from the 
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literature on the structure and properties of sprayed metal 
coatings are presented and discussed. Coatings produced by 
the powder process have greater oxide content and porosity 
than those produced by wire and molten metal processes. 
Sprayed metal is particularly suitable for building up worn 
shafts because the porous coating has excellent oil-retaining 
properties.—R. A. R. 

Metal Spraying. A. R. Collins. (Journal of the Institution 
of Automotive and Aeronautical Engineers, 1948, vol. 8, 
July, pp. 74-82). A comprehensive account is given of the 
construction of a metal-spraying gun, the preparation of the 
surface to be sprayed, spraying techniques, the properties 
of sprayed metal, and some mechanical and maintenance 
applications.—R. A. R. 

Metal Spray Practice in Steel Plants. A. E. Cichelli. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp. 691-703). See Journ. I. and §.I., 1948, vol. 158, Mar., 
p. 406. 

Ceramics for Aircraft Power Plants. J. M. Neff. (Iron 
Age, 1948, vol. 162, Oct. 21, pp. 60-63). The outlines of 
present research on the production of high-temperature- 
resisting ceramics are given with especial reference to a 
technique in which a ceramic coating is formed, and annealed 
so that it separates into two immiscible phases, one being 
dissolved out with acids, the other, remaining in skeleton 
form, being fused to a thin impervious highly refractory 
layer. This technique is being applied to systems containing 
sodium, calcium, and barium borates with zirconia, titania, 
alumina, and chromium oxide.—J. P. s. 

High-Temperature Ceramic Glazes for Jet Engines. (Ceramic 
Age, 1948, vol. 51, p. 75: British Ceramic Abstracts, 1948, 
July—Aug., p. 260A). The application of ceramics for jet 
engines is still in the laboratory stage. Combustion-chamber 
liners and turbine buckets in gas turbines of jet-propelled 
aircraft have a longer life when a high-temperature glaze 
is applied. When the fuel contains lead, the inside surface 
of the combustion chamber must be protected by a refractory 
coating, such as magnesia. Alumina has the necessary strength 
and refractory properties to be used as a tubular combustion 
liner. Made either in one piece or in sections, it must withstand 
1350° C., or even more in places. Metal turbine buckets, 
which must withstand chemical attack also, are glazed. 
Fused crystalline alumina is being considered for a solid 
ceramic bucket. In the liner, thermal efficiency requires that 
the combustion temperature should be at least 2200° C. 

Peelable Coatings. (Ceramic Age, 1947, vol. 50, p. 329: 
British Ceramic Abstracts, 1948, July, p. 230a). A 
viscous liquid which is sprayed on finished surfaces for 
protection against corrosion, scratching and abrasion is 
coming into wider use. A soft, flexible impervious and 
tenacious film about 0-0015 in. thick is formed, and this can 
be readily stripped when the product is to be used. Such 
coatings may be of use in the vitreous enamel industry to 
protect surfaces of assembled units, 

** Porcelain Wallpaper ’’ Dramatises the Versatility and 
Flexibility of * Porcelain on Steel.’’ (Finish, Chicago, 1948, 
vol. 5, No. 3, p. 33: British Ceramic Abstracts, 1948, Aug., 
p- 2614). “* Mirawal”’ or “ Porcelain Wallpaper” is a new 
American product made of 100-ft. lengths of steel coated with 
enamel. It can be rolled into coils with a minimum radius 
of 6 in. and applied to walls with linoleum glue. The coil 
of steel is moved continuously through the production 
processes, in which it is given a nickel flash and two coats 
of enamel, both fired at 850°. Total thickness of the coated 
sheet is 0-022 in. 

Gas Convection Heating Cures Automotive Finishes at 
Briggs Manufacturing Co. A. Q. Smith. (Industrial Heating, 
1948, vol. 15, Aug., pp. 1375-1382, 1391; Sept., pp. 1557- 
1566). An illustrated description is given of the direct-gas- 
fired forced-convection oven for drying automobile bodies 
at the works of the Briggs Manufacturing Co., Detroit. 

R. A. R. 

Ransburg Spraying and De-Tearing Processes. (Engineering, 
1948, vol. 166, Oct. 29, p. 427). Descriptions are given of 
two processes developed by the Harper J. Ransburg Co., 
Indianapolis, equipment for which is now being made in 
England. The first is an electrostatic coating process in which 
the workpieces are carried on an earthed conveyor into a 
coating zone, where they are exposed to the electrostatic 
field generated between them and an electrode system 
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operating at a potential of 13 kV. Atomized coating material 
is sprayed into this field and the particles are attracted to 
and deposited on the earthed workpiece. It is claimed that the 
quantity of finishing material can be reduced by about 50% 
owing to the elimination of overspray. In the de-tearing 
process an electrostatic field is employed to remove the last 
drops of coating material which accumulate at the draining- 
off points.—R. A. R. 

The Protection of Structural Steel with Paint. G. Diehlman. 
(Paint, Oil and Chemical Review, 1946, vol. 109, July 11, 
pp. 12, 24 : [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1947, Nov.—Dec., p. 29). The best protec- 
tion is obtained with a paint having a redlead base, linseed 
oil and a synthetic resin such as glycerolphthalate. 

Protection of Steelwork in Acid Atmospheres. (Industrial 
Finishing (U.K.), 1948, vol. 1, Aug., p. 48: Z.D.A. Abstracts, 
1948, vol. 6, Oct., p. 155). Detel paints, based on chlorinated 
rubber, are described. D.M.U., an undercoat containing a 
large amount of metallic zinc, has been used for the 
protection of iron and steel. It is stated that for a highly 
corrosive atmosphere, containing hydrochloric and sulphurous 
acids, the D.M.U. was painted on Detel ‘‘ Red A.” This 
arrangement seems to have given adequate protection ; 
no details are given of the additional coatings presumably 
applied. 

Studies on Anti-Fouling Compositions. Part V—The 
Behaviour of Mercuric Oxide in some Anti-Fouling Composi- 
tions with Special Reference to the Leaching-Rate Test. 
H. Barnes. (Journal of The Iron and Steel Institute, 1948, 
vol. 160, Oct., pp. 177-184). 


POWDER METALLURGY 


The Fundamentals of the Pig-Iron/Scale Process for the 
Production of Iron Powder. G. Naeser, H. Steffe, and W. 
Scholz. (Stahl und Eisen, 1948, vol. 68, Sept. 9, pp. 346-353). 
A detailed description of a new process of making iron powder 
for use in powder metallurgy is given. As raw material, 
molten iron produced by either the Stiirzleburg or the basic- 
lined-cupola, and as low as possible in silicon, manganese, 
sulphur, and phosphorus, is used. This iron is poured into a 
large feeding vessel from which it passes into the blowing 
box above the pulverizing chamber. This box is supplied with 
compressed air which issues through an annulus surrounding 
the stream of iron, thus disintegrating it, the particles falling 
into a water tank below. The air supply and temperature 
are controlled so as to produce the desired degree of oxidation 
to cause the particles to be coated with ferrous oxide slag 
to a degree that in subsequent annealing at 950° C. most of 
the carbon and oxygen will be driven off. The CO-CO, 
mixture formed serves as a protective atmosphere and no 
hydrogen is required. The walls of the porous hollow particles 
have two layers, one of soft iron rendered porous by decarbur- 
ization, and the other of sponge iron formed by the reduction 
of the ferrous oxide, The technical details of the process 
and the properties of the product are discussed.—R. A. R. 

The Physical Character of the Cohesion between Powder 
Particles. J. H. McKee. (Physical Society: Report of a 
Conference on Strength of Solids, Bristol, July, 1947, pp. 
106-115). Theoretical considerations of the factors affecting 
the cohesion between powder particles subjected to compres- 
sion and heat are reviewed, and experiments made by the 
author and M. Pirani to show the importance of very fine 
particles in the sintering of refractory materials are described. 
It is concluded that : (1) It is inadequate to define a powder 
as — 200 B.S.S. (British Standard Sieve), and notice must be 
taken of the very fine particles of about 24 and under, which 
play an important part by reason of their ready deformability ; 
and (2) the sintering process is fundamentally a physical 

*phenomenon and in general is the same for all powders. A 

balance is set up between the unsatisfied surface attractive 
forces and the elastic forces of the solid, and the sintering 
properties of a powder are determined by the factors which 
control this equilibrium.—R. A. R. ' 

Pressed Machine Parts Made from Sintered Iron. F. Eisenkolb. 
(Industrie-Rundschau, 1948, vol. 3, No. 3, pp. 2-4: British 
Abstracts, 1948, BI, Aug., col. 407). The manufacture of 
machine parts by compressing and sintering iron is described. 
‘ihe usual procedure is to form the parts from iron powder 
with a particle size of 0-06-0-3 mm., heat to dull redness, 
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press into compacts, and sinter at about 1050° in an inert 
gas. The iron may be produced in situ by mixing iron ore, 
rolling-mill scale, or spongy iron of the required size with 
a reducing agent, e.g., a hydrocarbon, before pressing and 
sintering. For special purposes however, very pure (e.g., 
electrolytic or carbonyl) iron must be used. The porosity of 
the parts is controlled by the pressure used in compacting ; 
e.g., an article of 25% porosity and 5-8-6-0 density requires 
a pressure of 3 tons/sq. cm., whereas a density of about 7 
requires 8-10 tons/sq. cm. Sintering increases the tensile 
strength greatly, e.g., from 0-1-0-3 to 7-10 kg./sq. mm. 
for a body of final density 6. The sintered articles may be 
soaked in oil to improve their elastic properties and prevent 
rusting. One of the applications of sintered machine parts is 
to produce self-lubricating bearings. The physical properties 
.of sintered articles are tabulated. The average composition is 
C about 0:02%, Mn about 0-25%, Si << 0-1%, 8 < 0-06%, 
P < 0:03%, and Cu about 0-20%. 

Powder Metallurgy Notes. J. MHeuberger. (Festskrift 
tillagnad J. Arvid Hedvall : Metallurgia, 1948, vol. 38, July, 
pp- 169-171). The advantages of the powder-metallurgy 
method of production in some applications are considered, 
and production methods are briefly described.—». w. 


PROPERTIES AND TESTS 


The Rational Trace of Tensile Curves and Its Applications 
according to Recent American Work. ©. Arbel. (Revue de 
Métallurgie, Mémoires, 1948, vol. 45, Aug., pp. 261-270). 
The author summarizes American researches, particularly 
by C. W. MacGregor, on the tensile test and the relation 
between stress and reduction of area, and describes the 
American investigator’s proposed ‘‘ two-load’”’ method of 
determining the average true stress-strain curve in tension. 

A. B. C. 

The Recording of Extension Diagrams and Their Use. 
O. G. Vegner. (Zavodskaya Laboratoriya, 1948, vol. 14, 
Aug., pp. 1013-1014). [In Russian]. An account is given of 
the mechanical recording of extension diagrams and of their 
use for determining the yield points of constructional 
materials.—s. K. 

The Nature of Inclusions in Tensile Fractures of Forging 
Steels. H. D. Shephard and E. A. Loria. (American Society 
for Metals, Oct., 1948, Preprint No. 12). The appearance of the 
tensile fractures of two acid-open-hearth steels was observed 
under polarized light and an interpretation of the reflecting 
constituents is presented, based on a metallographic examina- 
tion of the specimens at or in the vicinity of the fractures. 
The importance of inclusions in initiating rupture and the 
consequent necessity of revisions in melting practice or ingot 
design are revealed.—R. E. 

The Influence of Specimen Shape on the Elongation in 
Tensile Testing. G. Malmberg. (Iron and Steel Institute, 
1948, Translation Series, No. 352). This is an English transla- 
tion of a paper which appeared in Jernkontorets Annaler 
1944, vol. 128, No. 6, pp. 197-246 (see Journ. I. and S.I., 
1944, No. IT, p. 160a). 

Tensile and Elasticity Testing of Steel Roller Chain. (Product 
Engineering, 1949, vol. 19, Sept., p. 121). Details are given 
of the design of grip jaws and testing procedure recommended 
by the Association of Roller and Silent Chain Manufacturers 
for testing steel roller chain.—nR. A. R. 

The Influence of Bending during Torsion Testing. I. M. 
Roitman and Ya. B. Fridman. (Zavodskaya Laboratoriya, 
1948, vol. 14, Aug., pp. 969-972). [In Russian]. An account 
is given of torsion tests carried out on slightly bent specimens : 
it is concluded that bending up to 4° does not have an appreci- 
able effect on the results of torsion tests for most materials 
subject to failure by shearing.—-s. K. 

A Resilient Dynamometer for a Torsion Machine with 
Automatic Recording of the Complete Diagram. F. P. Rybalko 
and M. V. Yakutovich. (Zavodskaya Laboratoriya, 1948, 
vol. 14, Aug., pp. 1014-1015). [In Russian]. A brief descrip- 
tion is given of a dynamometer and the circuit used for the 
electrical automatic recording of its readings when used for 
torsion tests.—s. K. 

A Study of Thermoplastic After-Effect in Metals. (The 
Anomalous Case of Elastic After-Effect). Sh. S. Manevich. 
(Zavodskaya Laboratoriya, 1948, vol. 14, Sept., pp. 1106- 
1116). [In Russian]. The internal stresses which occur in a 
plastically deformed specimen following a change in its 
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temperatures are discussed in relation to the change which 
often occurs in the shape of the specimen ; this is called the 
thermoplastic after-effect. The experimental investigation 
of this phenomenon was carried out on previously stretched, 
compressed, bent, and twisted specimens of 14 steels and 
some non-ferrous metals and alloys. The stretched and 
compressed specimens were cylindrical, the bent specimens 
were produced by bending plates 3 8 x 60 mm. into a 
horseshoe while the twisted specimens consisted of strips 
twisted through 540° in a 6-kg. torsion machine. The steel 
specimens were tempered for 2 hr. at 860° C., the mechanical 
properties and microstructures of the resulting products 
being determined by the usual methods and tabulated. 
The specimens were then heated to 400°, 500°, and 600° C. 
(i.e., too low to produce recrystallization or structural changes) 
for from | to 7 hr. and the changes in shape resulting from this 
treatment were determined after cooling. Some steels changed 
the sign of their thermoplastic after-effect in the temperature 
range studied, others remained consistently positive or 
negative in this respect. The thermoplastic after-effect was 
also studied in cylindrical springs, wound at normal tempera- 
tures, from the following types of steels: High carbon with 
fine troosto-sorbitic structure; chromium-vanadium with 
a similar structure; chromium-—nickel-titanium with a 
polyhedral austentitic structure. The springs were heated 
by the passage of an alternating current, the change in the 
twist of the spring being followed by a simple indicator. 
Experiments were also carried out to investigate the thermo- 
plastic after-effects at temperatures down to 17°C. It was 
found that 100°C. was the lowest temperature at which 
they appeared. The influence of various heat-treatments was 
also studied.—s. kK. 

Methods of Investigating Irregularly Deformed States. P. O. 
Pashkov. (Zavodskaya Laboratoriya, 1948, vol. 14, Sept., 
pp. 1116-1124). [In Russian}. Fundamental equations are 
derived for the calculation of the magnitudes and directions 
of the main deformations when these are irregularly distributed 
over a plastically deformed region. The deformation is 
referred to an indicating grid which is itself distorted in the 
process of deformation. The method is simplified in those 
cases where the directions of the main deformations can be 
determined by study of the surface of the specimen or of its 
etched structure. Some examples of the application of the 
above procedures are given; these include longitudinal 
deformations in a load-fracture specimen, the cross-section 
of a compressed specimen, and the distribution of deformations 
in pressed objects.—s. K. 

Toughness of Steel under Compression Stress. D. M. 
Zagorodskikh. (Zavodskaya Laboratoriya, 1948, vol. 14, 
Aug., pp. 1010-1012). [In Russian]. An apparatus is described 
for imparting compression stresses to specimens being subjected 
to impact testing, and the results of two series of experiments 
in which it was used are given. In the first series smooth 
specimens were used of a steel having the following composi- 
tion: C 0-15%, Si 0-02%, Mn 0-50°%, S 0-05%, and P 0-40°,, 
tests being carried out under compression loads of 432, 
1156, 1637, 1733, and 1926 kg. In the second series a steel 
with a phosphorus content of 0-051°% was used, the specimens 
being of the Charpy type and the compression loads being 
289, 482, 770, 963, 1059, 1156, 1252 and 1348 kg. The results 
are presented graphically.—s. k. 

The Present Position and Possible Developments of Methods 
of Studying Stresses. G. Oberti. (Metallurgia Italiana, 
1947, vol. 39, July-Aug., pp. 157-166). 

A Simplified Polariscope for Industrial Use. RK. W. Clough. 
(Product Engineering, 1948, vol. 19, Sept., pp. 124-128). 
A detailed description is given of the polariscope constructed 
at the Massachusetts Institute of Technology, and of the 
preparation of models made of phthalic anhydride.—r. A. R. 

Fracture of Mild-Steel Plate. C.F. Elam Tipper. (Seventh 
International Congress of Applied Mechanics, Sept., 1948 : 
Tron and Coal Trades Review, 1948, vol. 157, Oct. 15, pp. 
829-834). An account is given of an investigation into the 
mechanism of fracture of low-alloy steel plates in which micro- 
structures in the area around the fractures are studied. 
Fractures in the test plates were made which were similar 
to those occurring in ships’ structures.—J. C. R. 

Study of the Fatigue Characteristics of Steels Used in the 
U.S.S.R. for the Manufacture of Rolling-Stock Axles. V. N. 


Makhov.3 (Centre de Documentation Sidérurgique, Circulaire 
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d’Informations Techniques, 1948, vol. 5, Apr. 25, pp. 207- 
217). This is a translation into French from the Russian 
(‘‘ Recueil des Mémoires sur l’Endurance des Eléments de 
Machines,” pp. 225-237, Académie des Sciences, U.R.S.S., 
1946) of an investigation into the causes of failure of railway 
rolling-stock axles, of which more than 95% of the breakages 
were found to be due to fatigue of the steels used.—3. c. R. 

Fatigue Tests on Spring Steel and the Influence of Surface 
Defects. L. I. Kukanov. (Zavodskaya Laboratoriya, 1948, 
vol. 14, Aug., pp. 977-984). [In Russian]. The principles 
underlying the fatigue-testing of spring steel are discussed, 
and a testing machine is described in which the stresses to 
which the specimen is exposed closely resemble those of 
practical operation. In this machine the strip specimen, 
clamped at one end, is periodically bent in one direction, the 
frequency being 400/min. The total number of bends to 
which the specimen is subjected is continuously recorded, 
and the machine is automatically stopped when the specimen 
breaks. Two types of spring steel were compared by this 
method, and it was found that the endurance limits obtained 
for specimens with untreated surfaces were considerably 
lower than those obtained with polished specimens subjected 
to cyclic bending. Another series of tests was carried out with 
a modified form of eccentric press which produced periodic 
deflections of 20 mm. in the specimen with a frequency of 
39/min. Leaf springs made from a steel (C 0-60%, Si, 1-72%, 
Mn 0-73%, Cr 0-23%, Ni 024%, S 0-019%, and P 0-033%) 
were tested, various types of surface being produced in 
different specimens. The number of deflections required to 
produce failure in the basic specimen (one without defects 
and without special surface treatment) was 2846, the 
corresponding numbers for specimens with the following 
modifications of surface being: Hole in the centre, 431; 
notch in the side, 955; transverse scratches, 2187; dented 
by impacts, 2561; Brinell indentations on upper surface, 
1225 ; the same on lower surface, 1054 ; impression produced 
mechanically, 520; impression produced electrographically, 
208; decarburized layer, 2333; sand-blasted, 2535; shot- 
peened, 3800; polished before heat-treatment, 1108; and 
polished after heat-treatment, 1470.—s. x. 

A Rotating-Load, Elevated Temperature Fatigue-Testing 
Machine. J. McKeown and L. H. Back. (British Non-Ferrous 
Metals Research Association: Metallurgia, 1948, vol. 38, 
Sept., pp. 247-254). A new form of high-temperature fatigue- 
testing machine is described. The principle of operation is a 
modification of the normal Wéhler test in which a rotating 
cantilever specimen is subjected to a constant bending moment, 
the material at any points of the specimen being subjected 
to equal and opposite stresses during each cycle. In the 
rotating-load machine one end of the cantilever specimen 
is held stationary and a constant-value rotating bending 
moment applied by means of a rotating out-of-balance 
mass at the other end. A stationary specimen permits accurate 
measurement of temperature to be made by a thermocouple 
in intimate contact with the section at maximum stress. 

R. A. R. 

Shotpeening. (Western Machinery and Steel World, 1946, 
vol. 37, July, pp. 100-103 : [Abstract] Centre de Documenta- 
tion Sidérurgique, Bulletin Analytique, 1947, Nov.—Dec., 
p. 32). This article deals with the benefits derived from shot- 
peening, the kind of parts that can be treated, economic 
aspects, and methods of controlling the effect of this treat- 
ment. 

‘H’ Band Hardenability Specifications Favourably Received 
by Users of Automotive Alloy Steels. (Steel, 1948, vol. 163, 
Nov. 1, pp. 81, 120, 122). Experience with ‘H’ Band 
Hardenability Specifications for Automotive Steels. (Stcel 
Processing, 1948, vol. 34, Sept., pp. 491-494). The adoption 
by a number of American manufacturers of the method of 
specifying hardenability as well as chemical analysis {has 
given good practical results. It is pointed out that whilst 
this permits a wide range of analysis for individual elements, 
the sum of all the elements must be more closely controlled 
than heretofore to produce the required hardenability. 

J.P. 8. 

Apparatus for Checking Hardness of Pinions. T. A. Vveden- 
skii. (Zavodskaya Laboratoriya, 1948, vol. 14, Aug., p. 
1016). [In Russian]. An apparatus for the testing of the 
hardness of various types of pinion and its mode of operation 
are briefly described.—s. k. 
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Method of Measuring Microhardness in the Investigation 
of Thin Surface Layers of Metals. 3B. I. Kostetskii and P. K. 
Topekha. (Zavodskaya Laboratoriya, 1948, vol. 14, Aug., 
pp. 972-977). [In Russian}. The factors influencing the 
experimental determination of microhardness are discussed 
and a description of apparatus for the preparation of speci- 
mens for this determination is given. Experiments are 
described in which the minimum permissible distance from 
the edge of the specimen to the centre of the impression was 
investigated and the plastic deformation round the impression 
was studied. The variation of hardness with varying distances 
from edge of specimen to centre of impression with loads of 2, 
10, and 50 g. is tabulated for Armco iron, steel, and brass. 
The minimum permissible distance between the centre of 
two neighbouring imprints and the loads to be applied in 
measuring the hardness of layers of various thicknesses and 
properties were also experimentally determined.—s. kK. 

Secondary Hardening of Tempered Martensitic Alloy Steel. 
W. Crafts and J. L. Lamont. (American Institute of Mining 
and Metallurgical Engineers, Technical Publication No. 2439 : 
Metals Technology, 1948, vol. 15, Sept.). The progress and 
mechanism of tempering have been investigated in high-alloy 
initially martensitic steels. The conclusions reached are : 
(1) Martensitic alloy steels free from significant amounts of 
residual austenite and major tendencies to precipitation 
hardening by intermetallic compounds may reharden in 
tempering to reach a maximum secondary hardness equivalent 
to the initial martensitic hardness. The level of secondary 
hardness depends on the specific alloying element and the 
amount of alloy and carbon in the steel. (2) The maximum 
secondary hardness equivalent to the initial martensitic 
hardness may be attained in vanadium and molybdenum 
steels after tempering at 1000° to 1100° F. Tungsten is 
slightly less effective but reaches its maximum influence at 
approximately the same tempering temperature. Chromuim 
does not produce rehardening but is more effective than the 
other alloys in retarding softening at lower temperatures. 
(3) Carbide-forming alloys appear to produce secondary 
hardening in tempered martensitic steels by the formation of 
minute alloy carbide particles through the local contraction 
of a two-dimensional transitional film or plate of iron carbide. 
Subsequent rapid softening seems to result from coalescence 
of alloy carbides along the interconnecting vestiges of the 
transitional film. This mechanism is consistent with the 
microstructure, electrical resistivity, dilation characteristics, 
and tempered hardness of steels containing large amounts of 
strong carbide-forming alloying elements. 

Apparatus for the Sorting of Certain Makes of Steel Wire. 
V. V. Borovkov and P. D. Korzh. (Zavodskaya Laboratoriya, 
1948, vol. 14, Aug., p. 1001). [In Russian}. A modification 
of the usual thermoelectric methods of sorting steel wires is 
described, diagrams of the apparatus and circuit being given. 

Ss. K. 

A 2,000,000 Volt X-Ray Installation. L. Cardenas. (Proceed- 
ings of the Association of Iron and Steel Engineers, 1947, 
pp. 745-755). See Journ. I. and §.1., 1948, vol. 158, Apr., 
p. 537. 

Magnetic Induction Testing of Steel. K. Matthaes. (Zeit- 
sehrift fiir Metallkunde, 1948, vol. 39, Sept., pp. 257-272). 
Induction equipment for testing steel bars and tubes is 
described with full details of the operating procedure, auto- 
matic devices for moving the test-pieces, and its efficiency 
for detecting longitudinal and tranverse defects, large and 
fine cracks, and slag inclusions. It can also be used to detect 
differences in hardness due to fluctuations in tempering 
temperature. A sorting machine, automatically operated 
by this magnetic tester, which separates defective from good 
billets is also described. Data on the capacity of the equipment 
over long periods show, for example, that 24,200 semi-finished 
bars and 62,300 tubes were tested in 380 and 980 hr., respec- 


* tively. A. R. 


The Effect of Thermal-Mechanical History on the Strain 
Hardening of Metals. J. E. Dorn, A Goldberg, and T. E. 
Tietz. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 2445 : Metals Technology, 
1948, vol. 15, Sept.). Most of the tests were carried out on 
commercially pure aluminium specimens, but additional 
tests were made with high purity aluminium, brass, copper, 
and stainless steel. It was found that the flow stress for 
plastic deformation of metals is not a simple function of the 
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instantaneous values of the strain, strain rate, and temperature; 
it is sensitive to the entire thermal-mechanical history. At 
lower test temperatures higher work-hardened states are 
obtained for the same total strains. Simple history-modified 
strains did not yield equivalent work-hardened states. The 
failure of the mechanical equation of state is considered to 
be perhaps partly due to relaxation phenomena of Jow activa- 
tion energy which can proceed at low temperatures and high 
strain rates. Future progress in determining the plastic 
properties of metals would be largely dependent upon a better 
understanding for the structural changes accompanying cold 
work and their effect on the floor stress.—J. Cc. R. 

Coloured Magnetic Powders for the Inspection of Dark 
Components by the Method of Suspension. A. V. Zhigadlo. 
(Zavodskaya Laboratoriya, 1948, vol. 14, Aug., pp. 942- 
948). [In Russian]. An account is given of the preparation 
and effectiveness of a number of suspensions consisting of 
various magnetic powders tinted to a light colour and suspended 
in oil. Among the magnetic powders used were: Optical 
rouge reduced by heating with carbon, fine iron powder, and 
Armco iron scale in two particle sizes. These powders were 
tinted by applying zinc oxide, aluminium powder, or a yellow 
zine chrome (the particle sizes of these pigments being 2-4.) 
together with an oil-proof lacquer. Curves are given which 
show the percentages of the total number of surface defects 
in a semi-finished dark component revealed by the use of 
each suspension for magnetic fields of various strengths. 
The effectiveness of a number of other suspensions is similarly 
illustrated.—s. K. 

Anomalous Magnetic Behaviour of Nickel Iron at High 
Frequencies. A. Wieberdink. (Nature, 1948, vol. 162, Oct. 2, 
pp. 527-528). Experiments carried out to determine the 
magnetic permeability of ferromagnetic materials by the 
use of concentric Lecher systems for the generation of 
standing waves have shown that within a narrow interval of 
wavelengths, between 86 and 88 cm., the magnetic permeability 
of a nickel-iron wire (Ni 35%, Fe 65%) is less than unity or 
even negative. In another note, R. Kronig explains this 
phenomenon in terms of the displacement of the boundaries 
of the Weiss domains and the change in direction of the 
magnetic moments of these domains by the external field. 
At the frequencies and field strengths involved, the resultant 
magnetic moment of the Weiss domain is bound to the 
crystal field and tends to precess about a direction prefer- 
ential to the crystal axis, and this precession frequency 
acts as resonance frequency for the magnetization. The 
crystal field in nickel is equivalent to a magnetic field of about 
100 oersteds, and for iron several times as large; in such a 
field the precessional frequency is about that of the magnetic 
anomaly noted by Wieberdink.—4J. P. s. 

Binary Ferromagnetic Alloys of Manganese (Arsenides, 
Nitrides). C. Guillaud and J. Wyart. (Société Francaise de 
Métallurgie, Oct. 9, 1947: Revue de Métallurgie, Mémoires, 
1948, vol. 45, Aug., pp. 271-276). Very high-purity manganese 
prepared by distillation was used as the basis for the alloys, 
which were prepared under pressure to avoid loss of manganese 
and arsenic ; for the nitrides, manganese powder was heated 
for 100 hr. under a constant pressure of nitrogen (at 740° C. 
and 200 kg./sq. em. the nitrogen in the product exceeded 
32%). Of the alloys prepared the arsenic contents ranged 
from 33% to 46-5%, and the nitrogen from 1-20% to 32%. 
The Curie points and magnetic moments at saturation were 
determined and the phases present were identified by X-ray 
spectrographic means. The results are presented and the 
relations between the ferromagnetic properties and the 
various phases are discussed.—a. E. 0. 

Tests to Determine the Influence of Magnetic Fields on the 
Transformation of Steel. K. Ableidinger. (Industrie und 
Technik, 1946, vol. 1, No. 6, pp. 17-19: [Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1947, 
Nov.-Dec., p. 39). An account is given of Jominy tests 
carried out on various steels with and without the application 
of continuous and alternating magnetic fields. Vickers 
hardness results were determined and plotted. An attempt 
is made to explain the influence of the two kinds of magnetic 
field. 

The Infra-Red Absorption Power of Certain Metals at 
Room Temperature and at —188° C. K. Weiss. (Annalen der 
Physik, Leipzig, 1948, vol. 2, Folge 6, No. 1-2, pp. 1-18: 
Physics Abstracts, 1948, vol. 51, Nov., p. 321). The Drude 
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formula has been re-examined for manganese, copper, and 
iron by a calorimetric technique which is described. The 
experimental data for manganese agree well with the 
Drude formula. The greater part of the measured absorption 
in copper and iron appears to arise from an essentially tempera- 
ture-independent mechanism. 

The Use of Electronic Instruments in Iron and Steel Making. 
S. S. Carlisle. (British Association : Engineer, 1948, vol. 186, 
Oct. 29, pp. 450-451 ; Nov. 5, pp. 476-477). The advantages 
and disadvantages of electronic instruments for steelworks 
use are discussed and their application for measuring tempera- 
ture and small differential pressures, and for gas analysis 
are dealt with. A pressure cell operating on simple hydrostatic 
principles has been found entirely satisfactory for measuring 
the pressure between the bricks of a furnace roof.—nr. A. R. 

The Effect of a Stress Distribution Dependent on Depth on 
X-Ray Stress Determinations. E. Osswald. (Zeitschrift 
fiir Metallkunde, 1948, vol. 3, Sept., pp. 279-288). Formulz 
for determining stress distribution from X-ray data obtained 
from a region where the stress varies directly with depth 
below the metal surface are presented and the relation between 
the useful depth of penetration of the X-rays and the angle 
of incidence is discussed. The relation between stress values 
obtained by different methods in the case of an unhomo- 
geneous stress field and their respective positions in the field 
are also considered.—R. A. R. 

Industrial Applications of Radioisotopes. (Iron Age, 1948, 
vol. 162, Oct. 28, p. 67). Of 970 research projects employing 
radioactive isotopes as tracers 14 are metallurgical ; these 
include studies of diffusion in metals and alloys, self-diffusion 
in stressed metals, transfer of material in dry friction, and the 
réle of sulphur in steel-industry coking processes.—4J. P. s. 

Mathematical Treatment of Creep Curves. A. Eichinger. 
(Iron and Steel Institute, 1948, Translation Series, No. 358). 
This is an English translation of a paper which appeared in 
Archiv fiir das Eisenhiittenwesen, 1940, vol. 13, Mar., pp. 
397-402. The proposals in the literature for the equations 
for stress-elongation, time-elongation, and time-stress curves 
relating to creep tests are critically reviewed. The author 
believes that one cannot draw conclusions with any great 
assurance from short-time tests as to behaviour in long-time 
tests.—R. A. R. 

Elimination of the Thermal-Diffusion Error in Studies of 
Gas—Metal Equilibrium. M. N. Dastur and J. Chipman. 
(Faraday Society, General Discussion on the Physical 
Chemistry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
The partial thermal separation of gases in a temperature 
gradient when gas mixtures are in contact with a metal and 
its oxide at high temperatures is a source of serious error in 
the determinations of the free energy of the oxides. This is 
discussed and an investigation of possible methods of eliminat- 
ing it when determining the equilibrium in the reaction of 
hydrogen and water vapour with molten iron containing 
dissolved oxygen is reported. The apparatus is described in 
detail. The error can be eliminated by adequately preheating 
the incoming gases, or diminished by the addition of a heavy 
inert gas.—R. A. R. 

Kinetics of Nitrogen Evolution from an Iron-Nitrogen 
Interstitial Alloy. Sir Charles F. Goodeve and K. H. Jack. 
(Faraday Society, General Discussion on the Physical 
Chemistry of Process Metallurgy, Sept. 23-25, 1948, Preprint). 
The rate of nitrogen evolution from e-iron nitride at 350- 
500° C. is given by a kinetic equation of the second order with 
respect to the interstitial nitrogen concentration and is associ- 
ated with an activation energy of 42,000 + 1400 cal./g. mol. 
The velocity of diffusion of the nitrogen atoms to the surface is 
at least 10‘ times as rapid as the rate-determining process. 
The rate-controlling stage of the reaction is considered to be 
the combination of pairs of nitrogen atoms at the solid surface. 
By calculating the collision frequency on the assumption 
that this surface reaction behaves as in a two-dimensional 
gas, the correct order of magnitude for the absolute reaction 
rate is predicted. 

Aspects of Gas-Metal Equilibrium, Interstitial Solutior 
and Diffusion. KR. M. Barrer. (Faraday Society, Genera! 
Discussion on the Physical Chemistry of Process Metallurgy, 
Sept. 23-25, 1948, Preprint). Some equilibrium and kinetic 
aspects of interstitial solid solutions have been examined. 
Conditions for forming such phases have been discussed, 
and a possible interpretation of the hardness and inertness 
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of certain of these phases has been given in terms of a theory of 
the metallic bond due to Pauling. In many of these phases 
the number of contacts made by a metal atom rises above 
12 to 16, 18 or 20, and all such contacts must be regarded as 
potentially bond-forming. Electrons forming these bonds 
resonate among the atoms forming them, inertness being 
associated in part with resonance energy, and hardness with 
the high co-ordination number. The change from paramagnetic 
pure metal to non-paramagnetic interstitial solution (e.g., 
PdH,., follows from the theory. 

Interstitial sorption equilibrium between gases and metals 
has been briefly reviewed, with particular reference to 
hydrogen “alloys.” The entropy of occlusion is a useful 
guide as to the mobility of the interstitial atoms, although 
the spacing of the entropy levels corresponding to different 
degrees of translational freedom of the occluded atom or 
molecule is less than previously considered. 

Diffution into metallic interstices may be governed in tempo 
by slow surface reactions, the nature of which is indicated. 

The Metallography and Heat Treatment of 8 to 10% Nickel 
Steel. G. R. Brophy and A. J. Miller. (American Society 
for Metals, Oct., 1948, Preprint No. 7). The authors have 
determined the thermal expansion characteristics, micro- 
scopical changes during heat-treatment and notched-bar 
impact strength of low carbon steels containing from 3°, to 
15% of nickel in order to select a suitable composition and 
heat-treatment for a ferritic nickel steel intended for service 
at — 320° F. The composition arrived at was: C 0-12% 
max., Mn 0-35% to 1-00%, Si 0-15% to 0-30%, S 0-04% 
max., P 0-04% max., and Ni 8-0% to 10-0%.—nz. Eg. 

Diffusion of Carbon in Austenite with a Discontinuity in 
Composition. L.S. Darken. (American Institute of Mining 
and Metallurgical Engineers, Technical Publication No. 
2443 : Metals Technology, 1948, vol. 15, Sept.). In order to 
demonstrate the existence of ‘‘ uphill” diffusion in metals, 
a series of four weld-diffusion experiments was made. Pairs 
of steel of virtually the same carbon content, but differing 
markedly in alloy contents, were welded at the end and held 
at 1050° C. for about two weeks. Subsequent analysis showed 
that carbon had diffused so as to produce an inequality of 
carbon content on the two sides of the weld. At approximately 
equal carbon contents carbon diffused from a high-silicon 
to a low-silicon austenitic steel and from a low-manganese 
to a high-manganese austenitic steel. This effect is quanti- 
tatively explained by reference to recent data on the activity of 
carbon in iron-silicon and iron—-manganese alloys. In the 
immediate vicinity of the weld the steel itself acts as a 
semipermeable diaphragm, permeable to carbon but relatively 
impermeable to silicon and manganese by virtue of the much 
smaller diffusivity of these latter elements.—s. c. R. 

Constitution and Properties of Some Iron-Carbon-Beryllium 
Alloys with More than 3% of Carbon. M. Ballay. (Société 
Frangaise de Métallurgie, Oct. 9, 1947: Revue de Métal- 
lurgie, Mémoires, 1948, vol. 45, July, pp. 231-238). An 
investigation of the microstructure, hardness, dilatation, and 
nitriding of special white cast irons containing about 3°% to 
44% of carbon and various amounts of beryllium up to 
3-88% is recorded ; the object was to find out whether small 
quantities of beryllium, like aluminium, acted as a primary 
graphitizing agent. The basis metal was prepared from a 
3-65% carbon white iron, beryllium (98°% pure ; remainder 
copper, and in some cases Armco iron to reduce the carbon 
content ; in other cases where a very high carbon content 
was desired the melt was heated with coke. The beryllium 
was preheated and added immediately before casting ; it was 
difficult to prevent oxidation. With increasing amounts of 
beryllium the quantity of graphite in the 3-2% -carbon irons 
increased up to a point and the carbide took on a characteristic 
appearance (about 1-43% of beryllium) ; the graphite content 


then decreased and vanished, whilst Be,C made its appearance 


along with the pearlite and complex carbide (about 2-80°% 
of beryllium) ; then, as the beryllium content was raised still 
higher, the Be,C became abundant and the cementite almost 
disappeared. Similar effects were observed in the 4-35°% 
carbon irons. Oil-quenching from 900° C. had no influence 
on the Be,C. The hardness decreased at first with increasing 
graphitization, but later increased again to reach a maximum 
when the complex carbide was in the greatest proportion 
(740 Vickers as cast ; 900 Vickers oil-quenched from 950° C.) ; 
it diminished again as the amount of Be,C increased. 
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Dilatometric tests gave no clear indication of the influence of 
beryllium in the quantities studied on the A, and A, points. 
The cementite anomaly at 210° C., very marked in ordinary 
white irons, was hardly noticeable in the alloys with large 
amounts of the complex cementite. It is thought that Fe,C 
did not exist as such in these alloys but that the complex 
was composed of iron, carbon, and beryllium. These alloys 
can be surface-hardened by nitriding.—a. E. Cc. 

New Steel Features High Strength and High Toughness. 
P. Payson and A. E. Nehrenburg. (Iron Age, 1948, vol. 
162, Oct. 21, pp. 64-71; Oct. 28, pp. 74-80, 152). A new 
steel, HY-Tuf, has been developed by the Crucible Steel Co. 
of America, Harrison, N.J. Containing 0-25% C, 1-30% Mn, 
1-50% Si, 1-80% Ni, and 0-40% Mo, this steel is stated to 
have a tensile strength of 104-5 tons/sq. in., 0-2% proof 
stress of 86-3 tons/sq. in., reduction of area of 49-7%, elonga- 
tion 13-1%, Izod values on a V-notched specimen of 31 and 
25 ft.lb. at 21° C. and — 40° C. respectively, and a Rockwell 
C hardness of 46-5, when heat-treated by oil-quenching 
from 860°-870° C., and tempering at 290° C. Notch sensitivity 
as indicated by comparison of Izod and Charpy tests and by 
double-width Charpy tests is low, while notch-tensile and 
notch-fatigue tests indicate that at high loads the new steel 
is more resistant to notch effects than older steels, though 
this is not true at lower loads to the same degree. The harden- 
ability of this steel is high and good mechanical properties 
may be obtained in thick sections up to 4 in. The steel has 
good weldability and is less crack-susceptible than a steel 
of similar hardenability but higher attainable hardness : it 
is quite satisfactory for flash and arc welding. It cannot be 
deep-carburized because the high silicon and nickel contents 
lower the rate of carburization ; the case moreover tends to 
retain austenite if quenched from over 790° C.: a rapid 
cyanide treatment, however, will give a case of 0-007— 
0-009 in. thickness, of 57-62 Rockwell C hardness, the core 
being about 48 Rockwell C. As to annealing, it is stated that 
a simple tempering at 650°-675° C. after forging or rolling 
will produce a Brinell hardness of 223-255 but that in the 
fully annealed state small areas of austenite may form at 
675° C. in the as forged steel ; to obtain very low hardness it 
is therefore necessary to heat the steel above the A, tempera- 
ture and cool it so that high temperature transformation 
products are formed ; a heating at 705°—735° followed by 
transformation at 650° C. for about 15 hr. is recommended. 


J.P. 8. 

The Properties of Heat-Treated Wrought Nickel Alloy 
Steels. (International Nickel Co., 1948; [Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, May, p. 35). Two classes of structural nickel steels 
are discussed: Steels containing 0-25 carbon of used after 
carburization and steels containing 0-25-0-50% of carbon 
used for machining parts whose surface must remain free 
from oxides. 

Modern Trends in Nickel Steel and Cast Iron Gear Materials. 
C. M. Schwitter. (International Nickel Co. 1948 : [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1948, vol. 5, May, p. 35). This paper deals with the use of 
carburized steels with 0-20% of carbon, and hardening 
steels with 0-4-0-5% of nickel, their composition, heat- 
treatment and machinability, nitrided 3-25% nickel steels, 
and 2% silicon, 1-2% nickel cast irons. 

The Vital Component : Good Castings. C. E. Herington. 
(Western Machinery and Steel World, 1947, vol. 38, Oct., 
pp. 80-85 : [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1948, vol. 5, May, p. 42). The author 
discusses the advantages of cast parts from the point of 
view of uniformity and facility of production. Among the 
factors considered are the comparative properties of grey 
cast iron and cast steel, and the effect of temperature on the 
modulus of elasticity. 

High Duty Cast Iron in Great Britain. A. B. Everest. 
(Dutch Foundry Technical Association: Metalen, 1948, 
vol. 3, Sept., pp. 12-21). Recent developments in cast iron 
and their application to engineering practice, and develop- 
ments in British foundry technique are reviewed.—R. A. R. 

Stainless Steels—Their Characteristics. J. J. Heger. (Steel, 
1948, vol. 123, Oct. 25, pp. 71-75, 90, 92, 94). The history 
of the development of stainless steels is outlined and a 
survey given of the properties of these alloys and the relative 
effects of the alloy constituents.—4J. P. s. 
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Cast Crankshafts—A Survey of Published Information. 
R. J. Love. (Journal of The Iron and Steel Institute, 1948, 
vol. 159, July, pp. 247-274). A detailed survey is made of 
published information on the subject of cast crankshafts 
and the following aspects are discussed: (1) The behaviour 
of cast crankshafts in service and the influence of the various 
material properties, (2) cast materials, surface treatments, 
and special heat-treatments, (3) features of design, and 
(4) the advantages of using cast crankshafts. Reference is 
also made to sources of information concerning the production 
of cast crankshafts. The results of various tests on cast 
crankshafts and on the more conventional forged crank- 
shafts are given and indicate that cast crankshafts normally 
have lower bending fatigue strengths than forged shafts, 
the materials used for forged crankshafts having, in general, 
considerably greater tensile strengths than the cast materials. 
The torsional fatigue strengths of cast shafts compare more 
favourably with those of forged crankshafts, but are lower 
than those of forged crankshafts of high tensile strength. 
Nevertheless, cast crankshafts are seen to have a very good 
record of behaviour in service. 

The advantages of using cast crankshafts can be sum- 
marized in the statement that the casting process provides a 
means of quickly and cheaply supplying a crankshaft of very 
high wear resistance and of the most desirable shape, this 
shape being such as to impart to the engine certain favourable 
characteristics which could not be obtained in the forged 
shaft except at high cost. 


METALLOGRAPHY 


Metallurgical Research at the National Physical Laboratory. 
N. P. Allen. (Metallurgia, 1948, vol. 38, Sept., pp. 267-270). 
Examples of the work in progress at the National Physical 
Laboratory are cited. Metal surfaces are studied by examining 
replicas and for this a phase-contrast metallurgical microscope 
has been developed ; the modified method of illumination 
reveals the differences in level in the etched microspecimen 
in the form of differences in tone of the image. This method 
of illumination can be applied to a conventional metallurgical 
microscope. 

The rate of constitutional changes in iron—-nickel-chromium 
alloys is strongly influenced by the initial condition ; annealed 
alloys change more slowly (sometimes a hundred times more 
slowly) than cold-worked alloys. 

The effect of carbon, nitrogen, silicon, and manganese 
on the formation of the sigma phase in nickel—-chromium 
steels containing more than 20% of chromium is being 
investigated.—R. A. R. 

Color Metallography. W. D. Forgeng. (Iron Age, 1948, 
vol. 162, Oct. 14, pp. 130-133). The author describes the 
technique of making colour micrographs, either as trans- 
parencies or direct on to a proprietary opaque film-base 
material. He claims that careful study of such transparencies 
or prints shows details that may be missed in visual examin- 
ation and that they provide a superior record to black-and- 
white prints. He considers it especially useful in recording 
the presence of complex carbides of the general types M,C,, 
M,C, and M,C, in tool and abrasion-resistant alloys and of the 
sigma phase in austenitic 25/20 chromium-nickel steels. 
He explains also the value of colour metallography with 
polarized light for the revelation of twinned and sub-grain 
structures and for the identification of inclusions such as 
manganese sulphide and zirconium nitride.—,J. P. s. 

The Presentation of Relief in the Ultra-Microscope by 
Means of Pressure and Double-Layer Replicas. J. Hunger 
and R. Seeliger. (Iron and Steel Institute, 1948, Translation 
Series, No. 361, pp. 1-6). This is an English translation of 
a paper which appeared in Metallforschung, 1947, vol. 2, 
Mar., pp. 65-69. (See Journ. I. and §.I., 1948, vol. 159, June, 
p- 231). 

Electron Micrographs of Steel Fractures. H. Mahl. (Iron 
and Steel Institute, 1948, Translation Series, No. 361, pp. 
7-8). This is an English translation of a paper which appeared 
in Metallforschung, 1947, vol. 2, June, pp. 186-188. (See 
Journ. I. and 8.I., 1947, Dec., p. 649). 

A Photoelectric Exposure Meter for Photomicrography. 
K. F. Adler. (Journal of Scientific Instruments, 1948, vol. 
25, Sept., pp. 300-301). 

High Angle X-Ray Diffraction at Elevated Temperatures. 
EK, G. Steward. (Journal of Scientific Instruments, 1948, 
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vol. 25, Sept., pp. 331-332). The construction of a small 
electrical resistance furnace which can be used in conjunction 
with the X-ray back-reflection technique to obtain Laue 
diagrams of single crystals and polycrystalline specimens at 
temperatures up to 900° C. is described.—R. A. R. 

An Interferometric Method for the Calibration of Electron 
Microscope Magnification. J. L. Farrant and A. J. Hodge. 
(Journal of Applied Physics, 1948, vol. 19, Sept., pp. 840- 
844). Interferometric methods have been used to measure 
uniform cylindrical silica and glass fibres as small as 5y in 
dia. with better than 1°% accuracy. Such fibres yield sharp 
images when examined in the electron microscope and 
constitute a convenient and rugged specimen for accurate 
direct calibration of the instrument for magnifications up 
to 10,000 diameters. Higher magnification ranges are then 
readily determined by means of an internal calibration obtained 
by taking micrographs of glass spheres about 0-5 micron in 
dia. Such spheres are also convenient specimens for determin- 
ing the image distortions which must be known to correct 
the widths of the fibre images. This method appears to be 
capable of greater accuracy than any employed hitherto. 

The Paraffining of Microsections. A. N. Shashkov. (Zavods- 
kaya Laboratoriya, 1948, vol. 14, Aug., p. 1017). [In Russian]. 
The use of a mixture of hydrocarbons with melting points 
from 48° to 60° C. for the coating of microsections is described, 
and the increased definition resulting therefrom is illustrated 
by micrographs of grey cast iron.—s. K. 

The Metallography and Properties of High Alloy Hot Work 
Steels. P. Payson and A. E. Nehrenberg. (Yearbook of the 
American Iron and Steel Institute, 1948, pp. 540-574). See 
Journ. I. and §.I., 1948, vol. 160, Nov., p. 338. 

The Microstructure of Low Carbon Steel. R. L. Rickett 
and F. C. Kristufek. (American Society for Metals, Oct., 
1948, Preprint No. 4). The microstructure of low-carbon 
steel is considered in terms of (a) isothermal transformation 
of austenite, (b) precipitation of carbide from ferrite and the 
influence of prior structure, (c) amount of cold reduction, 
and (d) effect of annealing variables on the structure after 
annealing near or below the A, equilibrium temperature. 

Equilibrium of Iron—Carbon-Silicon and of Iron—Carbon 
Manganese Alloys with Mixtures of Methane and Hydrogen 
at 1000°. R. P. Smith. (Journal of the American Chemical 
Society, 1948, vol. 70, Aug., pp. 2724-2729). The carbon 
content of several iron-silicon alloys (Si 1-2°; to 15°%) and 
of a number of iron-manganese alloys (Mn 4-0% to 14-5%) 
in equilibrium with various mixtures of methane and hydrogen 
of known composition at 1000° has been determined. For 
the silicon alloys the measurements cover both the region 
in which the crystal structure is face-centred cubic and body- 
centred cubic. The activity of carbon, relative to graphite. 
is given for each system. An estimate is given of the phase 
boundaries in a portion of each of the two three-component 
systems. The phase boundaries determined by equilibrium 
measurements are in good agreement with those determined 
by others by microscopic methods. 

New Method of Studying Crystalline Structures by Means 
of X-Rays. A. Guinier and J. Tennivin. (Société Francaise 
de Métallurgie, Oct. 9, 1947 : Revue de Métallurgie, Mémoires, 
1948, vol. 45, Aug., pp. 277-286). In this new X-ray spectro- 
graphic method of investigating crystal structure, the X-ray 
beam is projected through a screen with a semicircular 
opening and several exposures are made while the specimen 
is turned progressively through an angle up to 180°, the 
film at the same time being moved laterally ; the different 
Debye-Scherrer rings are thus registered side by side. Details 
of the method are given and its advantages are explained by 
reference to examples of its application.—a. E. c. 

Production of Ferrite Single Crystals. F. G. Stone. (American 
Institute of Mining and Metallurgical Engineers, Technical 
Note No. 3: Metals Technology, 1948, vol. 15, June). A detailed 
description is given of a strain-annealing process for producing 
iron specimens for tensile testing, such that the gauge length 
consists substantially of a single crystal. The process is in 
four stages : (1) Heating machined bars to 950° C., in vacuo, 
holding 1 hr. and cooling in the furnace ; (2) straining to 
3°5-3°8%, elongation ; (3) annealing, by raising the tempera- 
ture from 450° to 900°C. at 50°/day; and (4) holding at 
900° C. for 100 hr. and cooling in the furnace.—Rr. A. R. 

The Preparation of Single Crystals for the Study of Surface 
Reactions. A. T. Gwathmey. (Pittsburgh Conference on 
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Surface Reactions, June, 1948, pp. 66-70). The preparation 
of single crystals for the study of surface reactions is described, 
emphasis being placed on the influence of the reactants in 
modifying the final surface and on the formation of certain 
stable faces which are dependent on the nature of the reactants. 

R. A. R. 

Measurement of Interfacial Tensions, J. C. Fisher. (Ameri- 
can Institute of Mining and Metallurgical Engineers, Techni- 
cal Note No. 1 : Metals Technology, 1948, vol. 15, June). C.S. 
Smith has described a method for measuring the relative 
values of different solid-solid and solid—liquid interfacial 
tensions (see Journ. I. and 8.I., 1949, vol. 161, Jan., p. 77). 
This note points out that the method will apply also to 
systems where two phases are fluid and one solid, and that 
absolute values of solid-solid, solid—liquid, and solid—vapour 
interfacial tensions can therefore be measured.—R. A. R. 

Studies on Transformations of Austenite. A. Michel. 
(Bulletin du Cercle d’Etudes des Métaux, 1948, vol. 5, Sept., 
pp. 89-136). An extensive review is presented of the work 
of various investigators on austenite transformations in 
carbon and alloy steels. A bibliography of over fifty refer- 
ences is appended.—J. c. R. 

The Isothermal Decomposition of Martensite and Retained 
Austenite. B. L. Averbach and M. Cohen. (American Society 
for Metals, Oct., 1948, Preprint No. 1). The authors used 
X-ray and precision length measurements to determine the 
rates of decomposition of isothermal martensite and retained 
austenite. A plain carbon tool steel (C 1-07%) and a ball- 
bearing steel (C 1-00%, Cr 156%, and V 0-21%) were used 
in the investigation. During the first stage of tempering, 
martensite contracts because of a rejection of carbon until 
it reaches pseudo-equilibrium with a transition precipitate. 
This martensite decomposition follows a first-order equation 
with the reaction-rate constant, possibly influenced by the 
stress relief that occurs during tempering. 

The austenite—martensite reaction on hardening does not 
cease completely when cooling stops and as much as 5% 
retained austenite may transform isothermally into martensite 
at room temperature. The isothermal decomposition proceeds 
rapidly during the first 1-5 hr. after the quench, but continues 
at a diminishing rate for several months. Its rate is not 
measurably affected by tempering. If the tempering tempera- 
ture and/or time are increased sufficiently the austenite 
decomposes into bainite with a heat of activation of about 
38,000 cal./mol.—nr. E. 

The Effect of Chromium on the Ms Point. J. B. Bassett 
and E. 8. Rowland. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 2417: 
Metals Technology, 1948, vol. 15, Aug.). An investigation 
into the effect of chromium, in quantities between 0 and 2%, 
on the Mg point of commercial steels is described. In their 
discussion of the results obtained, the authors state that no 
simple formula is adequate for the accurate calculation of 
Ms points as far as steels containing chromium are concerned. 
The effectiveness of chromium in lowering the Mg point is 
dependent on carbon content which makes the relationship 
more complex than was believed. In the case of chromium, 
at least, the effect of this alloying element is not strictly 
additive as previous work had indicated. No abrupt decrease 
in the Ms point with increasing chromium content was observed 
which might have explained occasional stress-cracking of 
SAE 52100 steel during commercial hardening treatments. 

J.C. RB. 

The Effect of Grain Size on the Martensite Transformations. 
W. J. Barnett and A. R. Troiano. (American Institute of 
Mining and Metallurgical Engineers, Technical Note No. 4: 
Metals Technology, 1948, vol. 15, Aug.). The existence of 
a grain-size stabilization effect on martensitic type reactions 
has led to a review of other martensitic reactions to determine 
whether this stabilization is characteristic of all martensite- 
type reactions. Preliminary work has shown this effect to be 
present in the y—-e transformation in an iron-manganese alloy 
(Mn 20%) and the martensite transformation of SAE 4140 
and 3%-chromium 0-4%-carbon steels. No appreciable effect 
was found in an SAE 2340 steel.—s. c. R. 

Stabilization of the Austenite-Martensite Transformation. 
W. J. Harris, jun., and M. Cohen. (American Institute of 
Mining and Metallurgical Engineers, Technical Publication 
No. 2446: Metals Technology, 1948, vol. 15, Sept.). The 
method of lineal analysis has been applied to provide a 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





ABSTRACTS 


precise picture of austenite—-martensite reaction as influenced 


by stabilization. Four high-carbon steels were selected 
because they lend themselves to accurate determinations by 
lineal analysis. The first part of the paper deals with the 
normal kinetics of the martensite transformation (without 
stabilization) in these materials, whilst the second part 
deals with the detailed effects of various stabilizing treatments 
on the kinetics. A comparison of the course of the transforma- 
tion during cooling, with and without stabilization, then 
permits quantitative evaluation of the extent of stabilization. 
[The authors explained ‘ lineal analysis ’ in an earlier paper, 
see Journ. I. and 8.1., 1947, vol. 157, Dec., p. 650].—J. c. R. 

The Dimensional Stability of Steels—Part IV—Tool Steels. 
B. 8. Lement, B. L. Averbach, and M. Cohen. (American 
Society for Metals, Oct., 1948, Preprint No. 2). Part I of 
this series was concerned mainly with the phenomenon of 
stabilization which occurs in the retained austenite of hardened 
steel after ageing at room temperature prior to sub-zero 
cooling (see Journ. I. and 8.1., 1945, No. I, p. 65a). Part IT 
dealt with the effect of austenitizing temperature, tempering 
temperature, and tempering time on the stabilization of 
retained austenite against transformation on sub-zero cooling 
(see Journ. I. and §.1., 1948, vol. 158, Apr., p. 539). Part III 
considered the influence of both the quantity and condition 
of the martensite as well as of the retained austenite on 
dimensional stability (see Journ. I. and 8.1., 1948, vol. 158, 
Apr., p. 539). The present paper describes the dimensional 
behaviour of four low-alloy steels (plain carbon tool steel, 
ball-bearing steel, tungsten die steel, and manganese die 
steel) and two high-alloy steels (high-speed steel and high- 
carbon, high-chromium die steel) during ageing at room 
temperature after various hardening, tempering, and refrigera- 
tion treatments. In low-alloy tool steels long-time tempering 
at low temperatures with or without refrigeration results in a 
superior combination of hardness and dimensional stability 
as compared to short-time tempering at high temperatures. 
It is much more difficult to stabilize high-alloy steels than 
low-alloy steels, despite the use of higher tempering tempera- 
tures.—R. E. 

The Transformation and Retention of Austenite in SAE 
5140, 2340, and T1340 Steels of Comparable Hardenability. 
A. R. Troiano. (American Society for Metals, Oct., 1948, 
Preprint No. 3). Isothermal transformation diagrams for 
steels SAE 5140 (C 0-41%, Mn 0-90%, Si 0-27%, Cr 1-04%, 
Ni 0-04%), SAE 2340 (C 0-40%, Mn 0-89%, Si 0°31%, 
Cr 0-11%, Ni 3°34%) and SAE T1340 (C 0-40%, Mn 
2-06%, Si 0-40%, Cr 0-11%, Ni 0-05%) of equal hardenability 
are presented and evaluated. In addition, an X-ray diffraction 
study of retained austenite in Jominy hardenability test bars 
of these steels was carried out and correlated with the micro- 
structural characteristics of the same bars. The limitations 
of the end-quench hardenability test as a means of comparison 
of various steels, are also discussed.—R. E. 

Influence of Nickel and Molybdenum on Isothermal Trans- 
formation of Austenite in Pure Iron—Nickel and Iron—Nickel-— 
Molybdenum Alloys Containing 0:55°, Carbon. D. A. Scott, 
W. M. Armstrong, and F. A. Forward. (American Society 
for Metals, Oct., 1948, Preprint No. 5). Two series of pure 
iron-nickel—carbon alloys containing 0:55% of carbon and 
0-2%, 3-75%, and 5% of nickel were used in the investigation ; 
one series containing no molybdenum, the other 0°35°, 
of molybdenum. In alloys without molybdenum, as the 
nickel content is increased, the appearance of visible pro- 
eutectoid ferrite and of pearlite is retarded ; the formation of 
nodular bainite by growth of ferrite plates and subsequent 
carbide precipitation is more readily observed ; the minimum 
temperature formation of nodular bainite is lowered appreci- 
ably. In alloys containing 0-35% of molybdenum, as the 
nickel content is increased, the appearance of visible pro- 


‘eutectoid ferrite is retarded to a greater degree than in the 


molybdenum-free alloys; the acicular character of ferrite 
formed at intermediate temperatures becomes more apparent ; 
the acicular ferrite and fearthery bainite reactions as repre- 
sented on the isothermal curves become more widely separated. 
In all 0:35% molybdenum alloys examined the acicular 
ferrite reaction is followed by carbide rejection and later by 
agglomeration and growth of the carbide phase as a separate 
constituent ; the time required for the formation of visible 
pro-eutectoid ferrite is approximately ten times that observed 
in the molybdenum-free alloys, this multiplying factor being 
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uninfluenced by temperature or nickel content ; the correspond- 
ing factor for bainite is uninfluenced by temperature, but 
is apparently decreased exponentially by increasing nickel 
contents. 

The Transformation Characteristics of Ten Selected Nickel 
Steels. J. P. Sheehan, C. A. Julien, and A. R. Troiano. 
(American Society for Metals, Oct., 1948, Preprint No. 6). The 
effect of nickel on the transformation of austenite was studied 
by dilatometric and metallographic methods using a series of 
alloys in which three carbon contents were represented, 7.e., 
0-50%, 0°80%, and 1-2%, each containing 5%, 7-5%, and 
10% of nickel. An additional steel with 0-25°% of carbon 
and 7-5% of nickel was also studied. No pearlite reaction 
was observed in any of the steels containing 7-5% and 10% 
of nickel for transformation times as long as four months. 
In general, the bainite reaction displayed its usual character- 
istics, except where masked by overlapping pearlite formation 
or altered by concomitant carbide precipitation. In several 
of the steels, separate initial carbide and subsequent ferrite 
precipitation was able to transform completely the austenite, 
as a major type of reaction and not merely as a contributory 
reaction to any of the generally recognized modes of trans- 
formation in steel.—R. E. 

The Nature of the Bonds in the Iron Silicide FeSi and Related 
Crystals. L. Pauling and A. M. Soldate. (Acta Crystallo- 
graphica, 1948, vol. 1, Sept., pp. 212-216). The iron 
silicide FeSi was investigated by X-ray photography of 
single crystals, and the reported structure for the substance 
was verified. The space group is 74 — P2,3, with ay = 
4-489 + 0-005A. A detailed discussion of the structure and 
the values of the interatomic distances has been given by 
application of the resonating-valence-bond theory, and _ it 
is shown that the interatomic distances are compatible with 
those found for elementary iron and elementary silicon. 

Atomic Displacements in the Austenite-Martensite Trans- 
formation. M. A. Jaswon and J. A. Wheeler. (Acta Crystallo- 
graphica, 1948, vol. 1, Sept., pp. 216-224). The atomic 
displacements in the transformation from austenite to 
martensite are described, and the strains involved are derived. 
It is shown that the tetragonality of martensite arises as a 
necessary consequence of the assumption that the iron and 
carbon atom displacements constitute a common homo- 
geneous deformation. An explanation of the observed 
high indices of the habit plane of martensite of certain carbon 
contents is advanced. 


CORROSION 


The Work of the British Corrosion Committee. J.C. Hudson. 
(Ossature Métallique, 1948, vol. 13, Nov., pp. 487-496). 
An account is given of the work of the committee and the 
researches which it is conducting.—J. c. R. 

Corrosion of Metals Research. (Metallurgia, 1948, vol. 38, 
Sept., pp. 282-285). Extracts from the Report of the Director 
of the Chemical Research Laboratory (Department of 
Scientific and Industrial Research) on work relating to the 
corrosion of metals are presented.—R. A. R. 

The Protection of Iron Against Corrosion. M. Ragg. (Elektro- 
technik und Maschinenbau, 1947, vol. 64, Oct., pp. 150—160 : 
[Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1948, vol. 5, June, p. 37). The author discusses 
the chemical formation of rust, the conditions under which it 
appears, and the protection of metal surfaces. 

Measurement of Corrosion. (Petroleum, 1948, vol. 11, 
Feb., p. 48: [Abstract] Corrosion, 1948, vol. 4, Sept., pp. 
30, 32). A simple light reflection meter for the measurement 
of corrosion consists of an integrating sphere with an aperture 
at the top, over which the specimen is placed, a photoelectric 
cell is at the bottom, with a lamp housing low down at the 
side. A beam of light is directed on to the specimen and is 
reflected on to the photoelectric cell. This is connected to a 
meter which gives relative readings, according to the degree 
of corrosion. It is hoped to develop this further by means of 
colour filters to estimate corrosion conditions by colour 
changes. 

A Simple Form of Accelerated Atmospheric-Corrosion Test. 
R. St. J. Preston. (Journal of The Iron and Steel Institute, 
1948, vol. 160, Nov., pp. 286-294). A simple accelerated 
atmospheric-corrosion test is described in which specimens are 
subjected to corrosion in a warm humid atmosphere containing 
sulphur dioxide. The experimental work was carried out with 
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steam-heated apparatus, since replaced by a thermostatically 
controlled electrically heated type. The apparatus can be 
easily constructed from readily procurable materials. 

The effects of temperature and concentration of sulphur 
dioxide on rates of corrosion of bare and phosphatized steel, 
with and without paint coverings, have been examined. 
Corrosion rates increase with rise in temperature and with 
increase in sulphur-dioxide concentration. In the case of 
bare steel, corrosion tends to approach a maximum at an initial 
concentration of sulphur dioxide in the underlying solution 
of about 0-02 g./100 ml., and the rate is approximately 
seven times that of steel exposed in the local urban atmos- 
phere. Pretreatment by phosphatizing improves the corrosion 
resistance of painted steel, particularly when the paint coating 
is less than 0-5 mil. thick. A thick phosphate coating, which 
does not conduct electricity and has therefore completely 
covered the basis steel, showed a resistance in outdoor 
exposure tests much superior to that of bare steel. A method 
of determining the spread of rust by measurement of light 
reflection and effects of artificially damaging paint films are 
discussed, 

Atmospheric Corrosion Testing Site. A. H. Thomas. 
(Corrosion, 1948, vol. 4, Sept., p. 456). A brief description is 
given of the 5-acre outdoor corrosion testing station of the 
Armco Steel Corp. at Middleton, Ohio.—nr. a. R. 

Material Selection and Combating Corrosion in the Chemical 
Industry. H. C. J. de Decker. (Delft Chemical Group : 
Metalen, 1948, vol. 3, Sept., pp. 1-11). [In Dutch]. The 
wide variety of conditions which the constructional materials 
for the chemical industry have to meet are discussed from 
the corrosion point of view. The planning of corrosion tests 
for many materials including metal and protective coatings is 
also dealt with.—Rr. A. R. 

Station Design and Material Composition Factors in Boiler 
Corrosion. KR. B. Donworth. (Blast Furnace and Steel 
Plant, 1948, vol. 36, Oct., pp. 1236-1239). The development 
of higher pressures and temperatures in steam plant necessitates 
stronger and more corrosion-resistant materials especially 
in the modern regenerative cycle where water comes in 
contact with a wide range of ferrous and non-ferrous alloys. 
Though much may be done by the designer to reduce erosion 
and corrosion, some metals and metalic components will be 
transported to the boiler ; co-operative study by chemists, 
metallurgists and engineers is required to evaluate the 
effects of these foreign materials.—J. P. s. 

Construction Materials for Jet Pumps. M. Richelson. 
(Chemical Engineering, 1948, vol. 55, Sept., pp. 114-117, 
248-252). The requirements of materials for jets for high- 
vacuum pumps for chemical industries, and for ejectors 
for the transfer of gases, liquids, or slurries are discussed. 
A table is presented giving corrosion-resistance ratings for a 
wide variety of materials (including cast iron and stainless 
steel) in relation to fifty-seven chemicals.—Rr. A. R. 

Corrosion in Vertical Turbine Pumps. T. E. Larson. (Power 
Plant Engineering, 1946, vol. 50, Sept., pp. 80-81, 109-110: 
[Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1947, Nov.—Dec., p. 40). This article deals with 
corrosion in deep-shaft pumps, galvanic effect, which is the 
chief cause of corrosion, and certain parts of pumps which 
are susceptible to attack by carbon dioxide. Reference 
is made to stray currents and cathodic treatment to eliminate 
their effects, protection by protective coatings, and the removal 
of deposits from pumps. 

Intercrystalline Corrosion Tests of Acid-Resistant Steel. 
(Technische Rundschau, 1948, Mar. 5, pp. 3-4). Experiments 
have been made to find a suitable solution of CuSO, and 
H,SO, which would reduce the time required for corrosion- 
testing acid-resistant steel. A solution with only 0-5° 
H,SO, has proved suitable for testing intercrystalline cor- 
rosion ; with this the test can be made in 24 hr.—rx. a. 

The Atmospheric Corrosion of Iron and Steel Wires. J. «. 
Hudson. (Journal of The Iron and Steel Institute, 1948, 
vol. 160, Nov., pp. 276-285). The results of tests on the 
corrosion of ferrous wires when exposed in an industrial 
atmosphere for periods of up to ten years are reported. The 
rate of corrosion did not vary appreciably with duration of 
exposure, but was affected by the diameter of the wire, 
being greater for thin than for thick wires. Certain wrought 
irons and low-alloy steels proved much more resistant than 
mild steel. The practical consequences of these observations 
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are discussed and it is suggested that considerable economies 
would accrue from the substitution of low-alloy steel wire 
for mild-steel wire, where resistance to atmospheric corrosion 
is required and other circumstances permit. 

Effect of Composition on Low Carbon Austenitic Chromium- 
Nickel Stainless Steels. G. C. Kiefer and C. H. Sheridan. 
(Yearbook of the American Iron and Steel Institute, 1948, 
pp. 476-508). See Journ. I. and 8.I., 1948, vol. 160, Nov., 
p- 340. 

Action of Rust-Preventive Oils. E. R. Barnum, R. G. 
Larsen, and A. Wachter. (Corrosion, 1948, vol. 4, Sept., 
pp. 423-431). Research on the mechanism by which polar 
compounds (having separate electric charges, or dipolarity, 
in the molecule), impart rust-preventing qualities to oils 
is reported, and the following mechanism is proposed : 
Polar molecules are adsorbed as oriented multimolecular 
layers at the steel-oil interface ; these layers retain oil in 
their interstices, forming a mixed film which is more impervi- 
ous to water than either additive or oil separately. Additives 
with weak attractive forces forming only mono- or bi- 
molecular layers are not effective rust inhibitors ; a minimum 
of about six molecular layers is required to form an effective 
barrier against moisture. Compounded oils displace water 
from steel if the adsorptive forces of the additive for steel 
are greater than those of water for steel and in the former 
case they form a more stable interface.—R. A. R. 

Use of Zinc for Cathodic Protection. H. W. Wahlquist. 
(Proceedings of the National Association of Corrosion Engin- 
eers, Apr. 10-12, 1944, pp. 61-95). See Journ. I. and S8.I., 
1946, No. I, p. 16a. 

Stress Corrosion Cracking in Alloy Steel Gas Cylinders. 
R. C. Gifkins and W. P. Rees. (Metal Treatment and Drop 
Forger, 1948, vol. 15, Autumn Issue, pp. 109-122, 131). The 
stress corrosion of nickel—-chromium—molybdenum steels in 
atmospheres containing hydrogen sulphide, carbon bisulphide, 
and hydrocyanic acid gas has been studied. All these gases 
have been found to promote stress corrosion, the time for 
failure depending on the stress imposed.—4J. P. s. 

Application of Electron Diffraction Techniques to the 
Study of Corrosion Processes. E. A. Gulbransen. (Corrosion, 
1948, vol. 4, Sept., pp. 445-455). The electron diffraction 
technique used and the results obtained in the study of 
dry oxide films on iron ore discussed. Four distinct crystal 
structures were observed, y-Fe,0,, Fe,O0,, «-Fe,0, and FeO 
(see Gulbransen and Hickman, Journ. I. and S.I1., 1947. 
vol. 156, June, p. 311). The effect of cooling from 700° C. 
in vacuo, in oxygen, and in hydrogen, on the oxide films was 
also studied. Cooling in vacuo gave a structure of Fe,O, ; 
cooling in oxygen (1 mm. Hg) gave a sharp pattern of both 
a-Fe,O, and Fe,O,, with the former predominating ; cooling 
m hy drogen produced a mixture of iron and Fe,O, with a 
sharp pattern. Small amounts of alloying elements and 
impurities have a marked effect on the temperatures at which 
the different oxide films exist. For instance, FeO is observed 
at 500° C. on iron, but it does not appear even at 700° C. 
on mild steel.—Rr. A. R. 

Sulphate Reduction and the Anaerobic Corrosion of Iron. 
R. L. Starkey. (Antonie van Leeuwenhoek, 1947, vol. 12, 
No. 1-4, pp. 193-203). It is stated that not all cases of cor- 
rosion of buried iron and steel are attributable to the reducing 
action of bacteria on sulphates. 

Ne yr of Buried Pipes. Sulphate Reducing Bacteria. 

. P. Linstead. (Water and Water Engineering, 1947, vol. 
- Apr., pp. 203-204 : [Abstract] Centre de Documentation 
Sidérurgique, Bulletin Analytique, 1947, Nov.—Dec., p. 40). 
When corrosion begins, a dissolution of iron by electro- 
chemical attack is produced, then a reduction of sulphates 
into sulphides by bacteria. This reduction eliminates the 
passivating hydrogen initially evolved and _ corrosion 
recommences. 

Effect of Sulphur Bacteria on Corrosion. L. Liberthson. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 337-341). See Journ. I. and §.I., 1947, vol. 157, 
Sept., p. 156. 

Experiments of Fight against Corrosion of Iron by Sulfita- 
tion. G. V. Petrov. (Trudy Kharkovskogo Khimiko- 
Teknologicheskogo Instituta im S. M. Kirova, 1947, vol. 5, 
pp- 143-151 : Chemical Abstracts, 1948, vol. 42, Aug. 10, col. 
5402). Corrosion of iron (sheet and tube) in service in hydraulic 
equipment at 60-65° and under 100 atm. is determined 
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mainly by the oxygen content of the water (about 8 mg./l1.) 
and not by its salt content; river water proved no less 
corrosive than sea water. The corrosion can be counter- 
acted effectively by adding to the water Na,SO, in 85—100 mg./ 
1. excess over the amount equivalent to the oxygen dissolved. 

Alloying Steels for Corrosion Resistance to Gas-Condensate 
Fluids. CC. K. Eilerts, Faye Green, F. G. Archer, Betty 
Hanna, and L. M. Burman. (Corrosion, 1948, vol. 4, June, 
pp- 245-263 ; July, pp. 321-356). Laboratory tests, carried 
out by the U.S. Bureau of Mines, to determine the resistance 
of various steels and alloys to the corrosion that occurs in 
high-pressure gas-condensate wells, are described. Seventy- 
two alloys and alloy steels were tested using aqueous 
solutions of carbonic acid, propionic acid, and phenol 
maintained at 130° F. The test methods and apparatus are 
described. These results show that a steel containing about 
9% of chromium would provide the corrosion resistance, 
physical strength, and cost economy of any of the steels 
tested. A steel containing 7° of chromium would sustain 
less weight loss than the normal steel now manufactured to 
meet the A.P.I. Grade J-55 specifications for tubing, and 
would not be subject to serious pitting corrosion. A steel 
containing 9% of nickel would not be subject to the severe 
pitting corrosion which characterizes carbon steel tubing 
now used in wells. The high resistance of 9% nickel steels 
to corrosion by gas-condensate fluids was confirmed by tests 
carried out in the field. Chromium-nickel stainless steels and 
copper-nickel alloys exhibit high resistance to corrosion 
and could be used for special fittings where the conditions 
permit the use of dissimilar metals in contact with one another. 

R. F. F. 

Metal Oxide Films at Elevated Temperatures. J. W. Hick- 
man. (Iron Age, 1948, vol. 162, Aug. 12, pp. 90-94 ; Aug. 19, 
pp. 90-94). The author discusses in the first part of this 
article the importance of oxide films in resisting high-tempera- 
ture corrosion, their methods of formation, and the physical 
investigation of them by means of electron diffraction. In 
the second part, he describes the mineralogical nature of 
the oxides formed on a number of commercial alloy steels at 
various temperatures.—J. P. s. 

Crystal Structure of Iron Scale. Part IV. Investigation of 
the ** Intermediate * Temperature Range. V. I. Arkharov and 
F. P. Butra. (Journal of Technical Physics, U.S.S.R., 1948, 
vol. 18, Feb., pp. 211-214. [In Russian]: [Abstract] Metals 
Review, 1948, vol. 21, Aug., p. 18). Investigation showed 
that the scale formed at high temperatures has a structure 
directly dependent on the mechanism of oxidation. This 
mechanism was studied between 500° and 850° C., on the basis 
of the different scale compositions and structures formed. 

Progress in the Study of the Surface Oxidation of Metals 
and Alloys at Raised Temperatures. E. A. Gulbransen. 
(Journées de la Corrosion, Oct. 8, 1947 : Revue de Métallurgie, 
Mémoires, 1948, vol. 45, July, pp. 180-204; Aug., pp. 287- 
300). The author describes the experimental methods used 
in his laboratory in studying the reactions in the surface 
oxidation of metals, records some of the results obtained and 
discusses them in relation to the general question of oxidation 
and protection. In Part I the author mentions the investi- 
gational methods used and touches on the chemical reactions 
under consideration. Part II deals with the rate of formation 
of oxide films and the influence of time, temperature, and 
pressure ; here, as in the later Parts, full details of the apparatus 
and specimens used are given. The materials examined 
included iron, stainless steel, molybdenum, tungsten, alumin- 
ium, magnesium, and nichrome. Part III reports a high- 
temperature electron-diffraction study of the oxide films 
formed on iron, cobalt, nickel, chromium, 13% chromium- 
iron,‘and 18/8 steel. Before discussing the results in detail 
the author considers the interpretation of the electron- 
Part IV is concerned with an examination 
under the electron microscope of oxide films formed at 
medium temperatures on iron, cobalt, nickel, chromium, 
18/8 steel, and 13% chromium-iron.—a. E. ¢. 

The Zone of Metal Phase Consumption in Gas-Metal Reac- 
tions. A. Dravnieks and H. J. McDonald. (Journal of the 
Electrochemical Society, 1948, vol. 94, Oct., pp. 139-151). 
It is shown by an analysis of the scale-growth process that 
the scale of even approximately uniform composition formed 
in the reaction between gas and metal must consist of at 
least two layers. One layer is formed by outward migration 
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of metal ions and electrons through the scale; the other 
forms under the scale in the zone of consumption of the metal 
phase. Both layers form under completely different conditions. 
The inner layer is vital for the maintenance of metal transport 
to the bulk of the scale and grows at a gas pressure of the 
order of the dissociation pressure of the scale substance. 
It is demonstrated that the inner layer will develop cavities. 
A third layer may be formed in some secondary process, 
for example, that of recrystallization. It is therefore evident 
that the concept of a uniform process of scale growth is an 
over-simplification and fundamentally incorrect. This 
conclusion is supported by an investigation on copper iodide 
scale. The protective film formation on aluminium and the 
accelerated growth of oxide films on metals at the beginning 
of oxidation are explained on the basis of the considerations 
presented above. 

An Investigation of Fretting Corrosion under Several 
Conditions of Oxidation. B. W. Sakmann and B. G. Right- 
mire. age ony Advisory Committee for Aeronautics, 1948, 
Technical Note No. 1492: [Abstract] Metals Review, 1948, 
vol. 21, Aug., p. 16). Results are given of tests on the funda- 
mental mechanism of the phenomenon observed at contact 
surfaces subject to vibration, for various materials including 
steel, phosphor-bronze, tin, aluminium, aluminium alloys, 
lead, lead-plated steel, and chromium steel, in air, in vacuo, 
in oxygen, and in helium under identical conditions of load 
and slip. 

The Effect of Shot-Peening upon the Corrosion-Fatigue 
of a High-Carbon Steel. A. J. Gould and U. R. Evans. 
(Journal of The Iron and Steel Institute, 1948, vol. 160, 
Oct., pp. 164-168). Steel peened in seven different ways was 
subjected to corrosion fatigue in very dilute sulphuric acid 
and in sea water ; fine-ground unpeened steel was tested for 
comparison. It was found that peening greatly increased the 
endurance at stress ranges commonly prevailing in service. 
The addition of sodium carbonate and sodium bicarbonate 
to sodium chloride diminished the endurance of peened 
specimens, probably by localizing the action ; at high alkali 
contents, peened specimens have a shorter life than finely 
ground specimens. 

Properties of Metallic Surfaces. K. M. Burns. (Pittsburgh 
International Conference on Surface Reactions, June, 
1948, Introduction). The present position and some recent 
findings relating to lubrication and wear, corrosion, oxidation 
and tarnishing, and catalysis are briefly reviewed.—R. A. R. 

Pulse Polarization Studies of Corrosion Rates. G. A. Marsh 
and H. J. McDonald. (Pittsburgh International Conference 
on Surface Reactions, June, 1948, pp. 1-5). For some 
corrosion reactions under cathodic control data obtained with 
the pulse polarizer (see Journ. I. and 8.1., 1948, vol. 159, June, 
p. 232) may be used to predict corrosion rates in a quantitative 
fashion. The height h of the pulse polarization curve has 
been found in such cases to be related to the corrosion rate 
by the equation 

h = A — B.log rate of dissolution 
where A and B are experimentally determined constants. 
Weight-loss data for zinc in acidified methanol-water mixtures 
and for iron dissolving in dilute H,SO, containing gelatine 
confirm the predictions made from pulse polarization data. 
The energy of activation for the dissolution of iron in acid, 
calculated from polarization data, is of the same order of 
magnitude as when calculated in the ordinary way.—Rk. A. R. 

Theory and Technique of Measuring Metal Dissolution 
Rates. C. V. King. (Pittsburgh International Conference on 
Surface Reactions, June, 1948, pp. 5-9). The diffusion- 
layer theory of the rate of dissolution of solids in liquids 
or dissolved reagents is briefly reviewed and experiments 
on the dissolution rates of zinc and cadmium in acid solutions 
are described.—R. A. R. 

The Corrosion of Zinc and Zinc-Coated Steel in Hot 
Water. P. T. Gilbert. (Pittsburgh International Conference 
on Surface Reactions, June, 1948, pp. 21-49: Sheet Metal 


Industries, 1948, vol. 25, Oct., pp. 2003-2012; Nov., pp. 
2243-2254 ; Dec., pp. 2441, 2448, 2460). A study was made by 


the British Non- Ferrous Metals Research Association of 
the corrosion of zinc and galvanized steel in a hard supply 
water, and in some other solutions, at temperatures up to 
85° C. The corrosion is usually more localized in hot water 
than in cold which is connected with the fact that zine can 
become cathodic to steel in hot water. The experiments 
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confirmed that the usual electrochemical relationship between 
zine and steel can become reversed. The conditions under 
which this reversal occurs were also examined. The potential 
of zinc—iron alloy surfaces on initial immersion is intermediate 
between zinc and steel; on continued immersion, however, 
the alloy becomes much more cathodic, the change being 
particularly rapid if the water is heated.—R. A. R. 

Application of the Electron Microscope in Corrosion Studies. 
E. M. Mahla and N. A. Nielsen. (Pittsburgh International 
Conference on Surface Reactions, June, 1948, pp. 60-66). 
The corrosion of 18/8 stainless steel was studied with the 
electron microscope. In particular, the theory that carbides 
high in chromium form along the grain boundaries thus 
depleting the surrounding metal of chromium was examined. 
The electron micrographs of the intergranular precipitates 
indicate that they grow and become films between the 
individual grains. Sixteen electron micrographs of etched 
and corroded stainless steel are reproduced.—R. A. R. 

The Mechanism of the Formation of Films on Metals. 
U. R. Evans. (Pittsburgh International Conference on Surface 
Reactions, June, 1948, pp. 71-76). A picture of the mechanism 
of the formation of films on metals is presented ; it explains 
the main experimental facts and leads to four equations which 
W. H. J. Vernon considers to be definitely established. 
This paper condenses the arguments in four earlier papers 
dealing with the four film-growth laws (parabolic, rectilinear, 
logarithmic, and asymptotic) proposed by Vernon, in which 
the present author showed that, by considering the alternative 
manners in which films might reasonably be expected to 
grow, these four laws are quite naturally arrived at—R. A. R. 

Studies of Metal Surfaces by Low-Temperature Gas Adsorp- 
tion. P. H. Emmett. (Pittsburgh International Conference 
on Surface Reactions, June, 1948, pp. 82-90). In research 
on the corrosion of metals and on reactions between gases and 
metals it is necessary to know the true surface area of the 
sample being used. A method of doing this is described. 
It is based on determining the volume of physically adsorbed 
inert gas required to form a single layer of closely packed 
molecules on the surface in question.—R. A. R. 

Optical Determination of Thin Films on Reflecting Bases 
in Transparent Environments. A. B. Winterbottam. (Pitts- 
burgh International Conference on Surface Reactions, June, 
1948, pp. 91-100). The classical theory of metal and film 
optics is recapitulated and its implications in connection 
with various optical methods of studying films and surfaces 
are indicated. The experimental technique of the determina- 
tion of thin films in situ from the change produced in the 
reflection of a polarized wave is then outlined. Examples of 
applications are given.—R. A. R. 

Some Aspects of Internal Oxidation in Ag-, Cu-, Ni-, and 
Fe-Alloys. J. L. Meijering. (Pittsburgh International Confer- 
ence on Surface Reactions, June, 1948, pp. 101-104). The 
dispersion of the oxide formed by internal oxidation of solid 
solutions based on silver, copper, nickel or iron, and the 
hardening caused by highly dispersed oxide have been studied. 
The extent to which the oxygen affinity of the solute metal 
exceeds that of the basis metal is the important factor, so 
that when the latter is not silver but a metal through which 
oxygen diffuses readily, such as copper, nickel, or iron, the 
accumulation of oxide will be facilitated more and more, in the 
order named. Aluminium as a solute metal in nickel hardened 
the alloy by internal oxidation, but in iron, where the affinity 
of the basis metal for oxygen is still higher, all solute metals 
tried (including aluminium) were practically ineffective. 

R. A. KR 

Measurement of Galvanic Currents Around an Underground 
Structure. N. Peifer and F. E. Costanzo. (Pittsburgh 
International Conference on Surface Reactions, June, 
1948, pp. 114-126 : Corrosion and Material Protection, 1948, 
vol. 5, July-Aug., pp. 4-14). The technique for measuring 
galvanic currents around a buried pipeline is described, and 
the results obtained in a practical example are cited and 
discussed.—R. A. R. 

The Action Organic Inhibitors in the Acid Attack of 
Mild Steel. T. P. Hoar. (Pittsburgh International Conference 
on Surface lero June, 1948, pp. 127-134). Weight- 
loss and single electrode potential (corrosion potential) 
measurements of mild steel corroding in cold and hot 10°, 
weight/volume sulphuric acid, with and without the addition 
of a selection of organic inhibitors, have been made. In all the 
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experiments in cold acid, and in some of them in hot, the 
corrosion potential is shifted in the ‘ noble’ direction by the 
addition of inhibitors. This shows that the inhibitors have 
usually a greater influence on the anodic than on the cathodic 
process in the acid dissolution of mild steel. The widely held 
view that the inhibition is due to adsorption of inhibitor on 
cathodic points only is shown to be based on incorrect reason- 
ing, and recent experiments purporting to support it are 
shown, on the contrary, to favour the hypothesis of general 
adsorption. The present results, and some previous work, 
are discussed from the point of view of monomolecular 
adsorption following a modified Langmuir isotherm. A 
new precise technique for weight-loss and corrosion-potential 
measurements in hot acid solutions is described.—R. A. R. 

Some Recent Contributions of a British Corrosion Research 
Group. W. H. J. Vernon. (Pittsburgh International Confer- 
ence on Surface Reactions, June, 1948, pp. 135-141). Research 
on corrosion at the National Physical Laboratory is reviewed 
under the following headings: (1) Methods of studying and 
measuring corrosion in the laboratory, immersed corrosion 
technique (a) under stagnant conditions, and (b) with low- 
speed and high-speed rotor apparatus ; (2) electrical methods 
of appraising protective systems; (3) surface films; (4) 
inhibitors ; (5) microbiological (soil) corrosion.—k. A. R. 

Investigations of Gas—Metal Reactions by Reflection Electron 
Diffraction. J. W. Hickman. (Pittsburgh International 
Conference on Surface Reactions, June, 1948, pp. 142-156). 
The structure of oxide films and the changes occurring with 
time and temperature as a result of gas—metal reactions, 
using iron, cobalt, molybdenum, tungsten, copper, and chrom- 
ium, and some binary alloys, have been studied by reflection 
electron diffraction, and some of the results are reported. 
The relative rates of formation and diffusion of metals in 
binary alloys are given by empirical graphical representation ; 
these results indicate that the sizes of the several ions and 
the thermodynamic stabilities of the several oxides are not 
the only controlling factors. The results of the heating and 
cooling experiments on oxides of iron, cobalt, tungsten, and 
molybdenum show that one of these, Fe;0,—FeO, is reversible 
with temperature while the others, «-Fe,0,—Fe,0,, Co,0,— 
CoO, WO,WO, and MoO,-MoO,, occur only in the heating 
cycle to form the oxide with lower oxygen content. Relation- 
ships of the metal and oxide orientations may supply informa- 
tion which will aid in explaining these differences. In all 
cases the dependence of the temperature of transition upon 
film thickness is an indication that the owtward diffusion 
of metallic ions is one of the controlling factors in the reaction. 

R. A. R. 

Theoretical and Experimental Investigations about Conju- 
Formation of Several Layers in Dry Corrosion. 

. Valensi. (Pittsburgh International Conference on Surface 
Sesdaloame June, 1948, pp. 156-165). This paper shows that 
it is possible to calculate a constant for the global attack 
and the composition of the double layer when a metal 
forming two oxides is corroded by dry oxygen. Some experim- 
ents on copper, the results of which confirmed the theory, 
are described. 

Micrographical Study of the Oxidation of Iron and of the 
Transformations of Ferrous Oxide. G. Chaudron. (Pittsburgh 
International Conference on Surface Reactions, June, 
1948, pp. 165-167). The changes in thickness of iron oxide 
coatings with temperature and transformations of ferrous 
oxide have been studied. In the decomposition of a single 
ferrous oxide crystal formed from a single ferrite crystal 
the iron produced is precipitated in the boundaries of a 
macrostructure, and it is believed that the macromosaic 
blocks are formed by epitaxy on the macromosaic structure 
of iron.—R. A. R. 

Influence of the Condition of Iron and Copper on Oxidation 
at High Temperature. J. Bénard. 
Conference on Surface Reactions, June, 1948, pp. 167-172). 
The effects of the surface condition, permanent strains, and 
crystal orientation on the oxidation of iron and copper 
have been studied. Curves showing increase in weight of 
oxide per square centimetre with time, temperature, and 
deformation are presented.—R. A. R. 

Mechanism of the Rapid Oxidation of High-Temperature, 
High-Strength Alloys Containing Molybdenum. W. C. Leslie 
and M. G. Fontana. (Pittsburgh International Conference 
on Surface Reactions, June, 1948, pp. 173-186: American 
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Society for Metals, Oct., 1948, Preprint No. 26). The unusually 
rapid oxidation at high temperature of a heat-resisting 
alloy of iron (Cr 16%, Ni 25%, Mo 6%) and similar alloys, 
and the structure and composition of the oxides have been 
studied. The rapid oxidation was due to the accumulation of 
gaseous MoO, on the metal surface, the rate of oxidation 
being accelerated by a thermal dissociation of MoO, at 
temperatures above about 815°C. The reaction can be 
prevented by movement of oxidizing gases across the surface 
of the alloy. Pb0, V,0,, WO,, and Bi,O, produce the same 
effect as MoO, when present as gases on the metal surface. The 
microconstituents include nitrides as well as carbides. No 
sigma phase was found in the alloy. Surface carburization 
accompanies the rapid oxidation.—R. A. R. 

The “ Wetting Effect” Strongly Affecting the Tensile 
Strength of Solids : “ Liquo-Striction,” A New Effect Resulting. 
C. Benedicks. (Pittsburgh International Conference on Surface 
Reactions, June, 1948, pp. 196-201). Reference is made to 
earlier papers relating the effect of wetting on the strength 
of glass and metals (see Journ. I. and 8.1., 1945, No. IT 
p- 444) and a theoretical explanation is proposed. It is 
shown that the amount by which the tensile strength is 
reduced increases with the surface tension of the liquid. The 
wetting liquid causes the attracting forces in the surface 
of the solid to decrease and the solid therefore expands. The 
author calls this ‘‘ liquostriction ’? and he describes experi- 
ments in which a quartz fibre and a platinum wire were 
wetted and then dried, and the changes in length accurately 
measured. The results supported the theory.—R. A. R. 

The Breakdown of Oxide Films in Acid Vapours. W. 
Feitknecht. (Pittsburgh International Conference on Surface 
Reactions, June, 1948, pp. 212-221). The mechanism of the 
breakdown of primary oxide films on iron, zinc, cadmium, 
nickel, and copper in air containing HCl vapour has been 
studied. The observed type of breakdown of the oxide 
films of iron and nickel is not due to the ‘ thermodynamic ’ 
solubility, but is governed by the kinetics of dissolution. 
Iron first forms ferrous ions; at low pressures of HCl the 
supply of oxygen is fast enough to oxidize them to ferric 
ions. As no basic salts can be formed, the hydroxide ions 
which diffuse from the cathodic areas to the anodic centres 
precipitate ferric hydroxide, and, as the rate is slow, crystal- 
line FeOOH is mainly formed. This may adsorb some chloride, 
but most of the chloride ions will remain in the moisture 
film and will favour electrolysis.—R. A. R. 

Reactions of Metals in High Vacua. E. A. Gulbransen and 
K. Andrew. (Pittsburgh International Conference on Surface 
Reactions, June, 1948, pp. 222-225). The nature of chemical 
reactions occurring on metals in vacuo and at high tempera- 
ture is considered. The reactions are grouped in three classes : 
(1) Those in which a gas is formed ; (2) those that react with 
gases in the vacuum; and (3) those that change one gas 
for another as a result of chemical reaction. Equilibria 
calculations are made where data are available on the reactions 
for the metals zirconium, tungsten, iron, chromium, and 
magnesium. The apparatus used for studying reactions at 
up to 1200°C., and at pressures down to 10-* mm. Hg is 
described.—R. A. R. 


ANALYSIS 


A Quick Electrometric Method for the Determination of 
Aluminium in Ores. 8. K. Chirkov. (Zavodskaya Laboratoriya, 

1948, vol. 14, July, pp. 783-787). [In Russian]. A method 
is described which has been found satisfactory for the determ- 
ination of aluminium in iron ores, clays, refractory bricks 
and other substances. A sample of 0-2-—0-5 g. is fused in an 
iron crucible with about 3 g. of fused caustic soda. The 
cooled mass is leached with warm water, the volume of the 
liquid being made up to 200 ml. in a measuring flask. After 
the solid matter has settled, the solution is filtered through 
a dry filter and, having rejected the first 10-20 ml. of the 
filtrate, an aliquot portion of the rest (100 ml. is convenient) 
is neutralized with 1:1 HCl, using methyl orange as 
indicator. After adding a further 2-3 ml. of the acid, the 
solution is evaporated to a volume of 25-30 ml., cooled to 
room temperature and 10 ml. of 20% sodium acetate or 2 g. 
of pure sodium chloride are added. The solution, neutralized 
with sodium hydroxide to an orange colour of methyl orange, 
is then electrometrically titrated with a solution of sodium 
fluoride using the electrode pair nichrome-aluminium.—s. kK. 
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Determination of Alumina in Iron Ore. G. F. Smith and 
F. W. Cagle. (Analytical Chemistry, 1948, vol. 20, June, 
pp. 574-576). A new procedure for the determination of 
alumina in iron ore involves the formation of a complex 
of bipyridine with the iron, when this has been reduced to 
the ferrous state by sodium bisulphate. This complex is not 
precipitated by the ammonium carbonate used to throw 
down the alumina. If the ore is high in calcium oxide, 
ammonium chloride will prevent its coprecipitation with the 
alumina, and the latter may be redissolved and reprecipitated. 
The 2-2’-bipyridine may be recovered from the alumina- 
precipitation filtrate by making this strongly alkaline and 
distilling.—J. P. s. 

The Persulphate Method for the Determination of Manganese 
in Agglomerate and Iron Ores. Yu. I. Usatenko and P. A. 
Bulakhova. (Zavodskaya Laboratoriya, 1948, vol. 14, June, 
pp- 751-752). [In Russian]. The results obtained in an experi- 
mental investigation of the determination of manganese by 
the persulphate method are given, and a modification of 
the usual procedure is suggested.—s. K. 

A Quicker Method for the Determination of Ferrous Oxide 
in Iron Ores, Agglomerates and Flue Dust. A. M. Charova 
and E. B. Rutenburg. (Zavodskaya Laboratoriya, 1948, 
vol. 14, July, p. 872). [In Russian]. The maintenance of an 
atmosphere of carbon dioxide throughout the volumetric 
determination of ferrous oxide by the addition of small pieces 
of marble to the solution is described. Results of satisfactory 
accuracy and precision are said to be obtained when this 
method is employed.—s. k. 

Observations on the Determination of Iron, Alumina, 
Phosphorus and Manganese in Slags, Scoria and Ores. A. 
Guédras. (Métallurgie, 1948, vol. 80, Aug., p. 9). 

Rapid Methods of Determining Copper in Ferro-Titanium. 
B. J. Barkov. (Zavodskaya Laboratoriya, 1946, vol. 12, 
pp. 546-549 : [Abstract] Analyst, 1948, June, p. 360). 

Quick Method for the Determination of Chromium in 
Ferrochromium without the Use of Silver Nitrate. A. G. 
Bogdanchenko. (Zavodskaya Laboratoriva, 1948, vol. 14, 
June, pp. 752-753). [In Russian]. Details are given of a 
procedure for the determination of chromium in ferro- 
chromium, the determination taking 37 min., no silver nitrate 
heing used.—s. K. 

Netermination of Chromium in Ferrochromium Without 
Using Silver Nitrate. M. V. Babaev. (Zavodskaya Labora- 
toriya, 1948, vol. 14, June, p. 754). [In Russian]. The determ- 
ination of chromium in ferrochromium, using quantities of 
silver nitrate far smaller than those usually employed, is 
described, and a number of results obtained with varying 
relative quantities of reagents are tabulated.—s. kK. 

Rapid Determination of Sulfur in Iron and Steel. I--Funda- 
mental Test Experiment. I—Determination of Sulfur in 
Steel. J. Kajima and H. Ishihara. (Journal of the Society of 
Chemical Industry, Japan, 1942, vol. 45, pp. 1165-1171: 
Chemical Abstracts, 1948, vol. 42, Sept. 10, col. 6270). The 
combustion of the sample in a slow current of oxygen, absorp- 
tion of the SO, in a solution of K1,, and titration of the excess 
iodine is recommended. 

A New Variation of the Thiocyanate Method for the Determin- 
ation of Molybdenum. L. B. Ginzburg and Iu. Iu. Lure. 
(Zavodskaya Laboratoriya, 1948, vol. 14, May, pp. 538- 
545). [In Russian]. A theoretical discussion of the use of 
potassium iodide instead of the usual stannous chloride as 
the reducing agent in the thiocyanate method of determining 
molybdenum is followed by an account of the experimental 
investigation of the influence on this procedure of the follow- 
ing factors: Nature and concentration of acid, presence of 
iron, concentration of potassium iodide, concentration of 
thiocyanate, order of adding reagents, and presence of tungsten, 
bismuth, copper, vanadium, or antimony. The new variation 
was found to give a rapidly forming and more stable colour 
without any loss of sensitivity, the optimum range of calorim- 
etry being unchanged.—-s. k. 

Estimation of Molybdenum in Iron and Steel. E. J. Ronnie. 
(Metallurgia, 1948, vol. 38, Aug., pp. 235-236). The construc- 
tion and use of a relatively simple photometer for the rapid 
determination of molybdenum are described. It can also be 
applied to any of the current absorptiometric estimations 
of small amounts of alloying elements in iron and steel.—R. A. R. 

The Absorptiometric Determination of Chromium in High- 
Speed Steels by Sodium-Chlorate Oxidation. F. E. Eborall. 
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(Metallurgia, 1948, vol. 38, July, pp. 135-136). Experiments 
were conducted with sodium chlorate as oxidizing agent. 
Potassium chlorate gave satisfactory oxidation of tungsten and 
any carbides. Chromium oxidized to dichromate on evapora- 
tion and this oxidation was found to be quantitative. Potas- 
sium perchlorate, formed during the evaporation, was found 
to be comparatively insoluble. Insoluble perchlorate did not 
form when sodium chlorate was used, and this chlorate is 
employed in the method to oxidize iron, tungsten, and 
carbides and as a quantitative oxidant for chromium.—P. w. 

The Photometric Determination of Phosphorus, Chromium, 
Nickel, and Molybdenum from One Weighing. M. Adelt 
and G. A. Gruendler.. (Archiv fiir das Eisenhiittenwesen, 
1948, vol. 19, pp. 21-24). 

New Method for Determination of Tungsten in Steel using 
B-Naphthoquinoline. R. B. Golubtsova. (Journal of Analytical 
Chemistry, U.S.S.R., 1948, vol. 3, Mar.—Apr., pp. 118-122 
[in Russian]: [Abstract] Metals Review, 1948, vol. 21. 
Aug., p. 28). A compound is recommended for qualitative 
precipitation of small or large amounts of tungsten. Of all 
the elements present in steel, only tungsten and molybdenum 
react with this compound. Reaction with molybdenum 
may be eliminated by proper adjustment of acidity. 

The Colorimetric Estimation of Tungsten in High Speed 
Steels Using Ammonium Thiocyanate and Titanous Chloride. 
R. St. J. Emery and D. W. Curtis. (Metallurgia, 1948, vol. 
38, June, pp. 113-114). 

Quick Method for the Analysis of Tungsten and Molyb- 
denum alloys. V. G. Goriushina and T. V. Cherkashina. 
(Zavodskaya Laboratoriya, 1948, vol. 14, July, pp. 873 
874). [In Russian]. The analysis of ferromolybdenum 
ferrotungsten, and molybdenum-tungsten alloy by the 
following method is said to give results which are in close 
agreement with those obtained by gravimetric means : 
The finely divided sample (0-2 g.) is dissolved in 20 ml. of 
saturated oxalic acid solution containing 2—3 ml. of perhydro)., 
the solution is then potentiometrically titrated with acid 
0-1 N chromous chloride solution.—s. x. 

The Application of Spectrographic Methods of Analysis 
to the Control of Foundry Alloys. P. Croissant. (Fonderiec, 
1947, Dec., pp. 995-997). 

On the Accuracy and Reproducibility of the Results of the 
Determination of Small Quantities of Molybdenum. M. A. 
Popov. (Zavodskaya Laboratoriya, 1948, vol. 14, July, p. 
874). [In Russian]. A brief account is given of the accuracy 
and reproducibility to be expected in the results of colori- 
metric determinations of molybdenum contents up to 0-01%,. 

8. K. 

Semi-Microchemical Determination of Chromium and 
Uranium in Ferrous Metals. B. A. Guenerozov. (Zavodskaya 
Laboratoriya, 1947, vol. 13, No. 9, pp. 1043-1048 : [Abstract | 
Centre National de la Recherche Scientifique, Bulletin 
Analytique, 1948, vol. 9, No. 8, p. 1533). The suggested 
method is a semi-microchemical variation of the persulphate 
method. Uranium is first titrated separately and then 
uranium and chromium are titrated together. Titration is 
effected in an H,PO,—H,SO, medium using phenylanthranilic 
acid as a ‘** Redox ” indicator. Semi-microchemical methods 
have been developed using a 0-02N_ ferrous sulphate 
solution. 

Determination of Selenium in Steel. N. A. Tananaev and 
V. I. Muracheva. (Journal of Analytical Chemistry, U.S.S.R.. 
1948, vol. 3, Jan.-Feb., pp. 3-6 [in Russian]: [Abstract] 
Metals Review, 1948, vol. 21, July, p. 22). A new gravimetric 
method is described which utilizes slightly heated 1: 4 
sulphuric acid for dissolution of the steel. 

Volumetric Determination of Trivalent Iron Using Tartrates. 
A. V. Pavlinova. (Journal of Analytical Chemistry, U.S.S.R., 
1948, vol. 3, Jan.—Feb., pp. 7-10). [In Russian]. 

The Chemical Analysis of a Permanent Magnet Alloy. 
C. H. R. Gentry. (Metallurgia, 1948, vol. 38, June, pp. 108 
113). Methods which have been developed for control analyses 
in the production of permanent magnet alloys are described. 
The determinations include cobalt, nickel, aluminium, copper, 
titanium, manganese, and silicon.—R. A. R. 

A Direct-Reading Silicon Meter for Electrical Sheet Steels 
and a Note on Resistivity. N. F. Astbury and 8. P. Roper. 
(Journal of Scientific Instruments, 1948, vol. 25, June, pp. 
191-193). The instrument described measures the voltage 
drop across two points on a standard stamped strip of the 
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steel under examination, which is for all practical purposes 
a linear function of the silicon content, up to 5% of silicon 
and 0-5% of total trace elements. Non-uniformity of distri- 
bution of silicon gives low readings.—4. P. s. 

Determination of Silicon in Ferrosilicon from the Specific 
Volume. M. V. Babaev. (Zavodskaya Laboratoriya, 1948, 
vol. 14, June, pp. 661-668). [In Russian]. The relationships 
existing between specific volume and composition of ferro- 
silicon are discussed, and their use for the control analysis of 
18% ferrosilicon is described.—s. kK. 

Photoelectric Method for the Determination of Silicon, 
Phosphorus, Manganese, Chromium, and Nickel in Steel 
from One Weighed Sample. V. F. Maltsev and V. Ya. Sych. 
(Zavodskaya Laboratoriya, 1948, vol. 14, July, pp. 868-871). 
{In Russian]. A method is described by which silicon, phos- 
phorus, manganese, chromium, and nickel can be determined 
by the photoelectric measurement of the concentrations of 
appropriate coloured complexes formed from aliquot portions 
of a solution of 0-2 g. of the steel in nitric acid. Photo- 
electric calibration curves for the above elements were 
constructed by using standard samples and are applied 
together with the spectrophotometric curves of transmission 
of variously coloured filters for the complexes involved. The 
results obtained by the above method are shown to agree 
well with those obtained by the usual methods, and the 
procedure results in a considerable saving of both time and 
reagents.—S. K. 

A Vibration-Interrupted Arc. E.M. Zhuk. (Zavodskaya 
Laboratoriya, 1948, vol. 14, July, pp. 877-878). [In Russian]. 
A description is given of a vibration make-and-break 
device for use in producing an interrupted arc, and a unit 
for the production of this type of arc, which has given satis- 
factory service for industrial spectroscopy, is illustrated.—s. kK. 

An Investigation of Spectrochemical Sparking-off Effects 
in the Flat-Surface Sparking of Steels. D. M. de Waal and 
A. Strasheim. (Spectrochimica Acta, 1948, vol. 3, No. 2, pp. 
141-158). An investigation of sparking-off effects obtained 
with flat-surface sparking of steel samples has led to the 
adoption of a short spark gap (1-5 mm.) and a blunt graphite 
electrode to limit the length of the spark. This improvement 
does not eliminate the drift of working curves. Analysis 
of sparking-off effects has pointed to the large effect of oxida- 
tion and the réle of water vapour in the spark atmosphere. 
It is suggested that variable atmospheric humidity may be 
one major cause of curve drift. 

New Technique for Electrotitrometric Measurements. P. 
Delahay. (Bulletin des Sociétés Chimiques Belges, 1947, 
vol. 56, Jan.—Apr., pp. 7-35). 

The Classification of Unalloyed Steels by the Spark Test. 
W. Janiche and K-H. Saul. (Stahl und Eisen, 1948, vol. 68, 
Aug. 12, pp. 301-303). It is shown that the spark test can be 
used for the approximate determination of the carbon in 
plain carbon steels. Up to 0-35°% of carbon, steels can be 
classified in stages of 0-05%, and with 0-35-0-60% of 
carbon, in stages of 0-1%,. The types of spark are illustrated 
and the effect of silicon and manganese additions is shown. 
The best grinding procedure to produce the sparks is described. 

R. A. R. 

Salvage Operations Simplified by Magnetic Analysis. A. D. 
Stout. (Iron Age, 1948, vol. 162, July 1, pp. 86-87). Magnetic 
analysis is used for separating different types of steel inadvert- 
ently mixed and for detecting flaws, such as cracks, seams, 
and pipe in bar stock, and defective welds in tubing.—s. P. s. 

Infra-Red Gas Analysers. (Engineer, 1948, vol. 186, July 9, 
pp. 40-41). The principles of infra-red gas analysis are 
explained and some modern indicating and recording analy- 
sers are described. These instruments incorporate a device for 
measuring the pressure change caused by the temperature 
rise associated with the absorption of radiation by a specimen 
of the gas under test.—R. A. R. 


Hydrogen, Nitrogen and Oxygen in Ferrous Metals. Their : 


Properties and Determination. Part VI. E. C. Pigott. (Metal- 
lurgia, 1948, vol. 38, May, pp. 6-12). This concludes a series 
of articles (see Journ. I. and 8.1., 1948, vol. 159, June, p. 234). 

A Study of Residual Gases in Cast Iron. J. E. Hurst and 
R. V. Riley. (Institute of British Foundrymen, June 8-11, 
1948, Paper No. 899). An illustrated description is given of 
the vacuum-fusion method for the determination of gases 
in cast iron. The following aspects are then discussed : 
Analysis of evolved gas samples ; sampling of iron for vacuum 
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fusion ; degree of accuracy of vacuum-fusion gas analysis ; 
method of reporting gas analysis ; effect of storage on the 
gas content of iron ; segregation of gases in cast iron ; effect 
of remelting iron on its gas content ; influence of the composi- 
tion of cast iron on the residual gas content ; effect of gas 
content on the microstructure, and physical and mechanical 
properties of cast-iron ; and gas content and its significance 
in the production of sound castings.—J. C. R. 

Photoelectric Analysis of Gases through the Formation of 

i A. G. Amelin and B. V. Mikhalchuk. (Zavodskaya 
Laboratoriya, 1948, vol. 14, July, pp. 778-782). [In Russian]. 
A method is described in which the light-absorbing effect of 
the mist formed on mixing a moist gas with sulphur trioxide 
is measured photoelectrically to determine the moisture 
content of the gas.—s. kK. 

A Reflector Gas Interferometer with Compression Compensa- 
tor. P. Ya. Nedviga. (Zavodskaya Laboratoriya, 1948, vol. 
14, July, pp. 828-833). [In Russian]. The theory and construc- 
tion of a gas interferometer provided with compression 
compensation is described, and the accuracy of the instrument 
for the determination of methane in concentrations of 0-3-— 
27-1% is illustrated. The readings given by this interfero- 
meter are stated to be entirely independent of the pressure 
and temperature of the atmosphere.—s. kK. 

Physical Methods of Gas Analysis. H. R. Hindley. (Instru- 
ment Practice, 1948, vol. 2, June, pp. 325-329). Instruments 
are described for gas analysis ; they depend upon the thermal 
conductivity, infra-red, ultra-violet, and microwave absorption 
of gases, the paramagnetism of oxygen, the catalysis of certain 
gases by platinum, and in the case of carbon dioxide, differences 
of density applied in a form of fluid transmission between two 
dises rotating in the gas.—4J. P. s. 

An Improved Apparatus for the Extraction of Iron by Ether. 
A. M. Dymov. (Zavodskaya Laboratoriya, 1948, vol. 14, 
Aug., pp. 995-997). [In Russian]. An apparatus for the 
continuous ethereal extraction of iron from solutions of 
various ferrous alloys, and its method of operation, are 
described.—-s. K. 

Determination of Molybdenum in Ferromolybdenum by 
Titration with Methylene Blue. P. Ya. Yakovlev. (Zavod- 
skaya Laboratoriya, 1948, vol. 14, Sept., pp. 1132-1133). 
{In Russian]. The use of a standard solution of methylene 
blue for the determination of molybdenum in ferromolybdenum 
is described, the results obtained agreeing well with those 
from a precipitation method. The method is not affected by 
the presence in the solution of copper, aluminium, iron, or 
chromic or phosphoric acids.—s. K. 

The Spectral Determination of Chromium in Ferrochromium. 
A. V. Kozlova and P. D. Korzh. (Zavodskaya Laboratoriya, 
1948, vol. 14, Sept., pp. 1095-1097). [In Russian]. An 
account is given of experiments carried out to test the applica- 
bility of the Sventitskii electro-erosion method to the spectral 
determination of chromium in ferrochromium, both are and 
spark excitation methods being used. Curves are presented 
showing the relation between the time during which the 
chromium lines 5204-4, 5206-0, and 5208-4 persist in the 
spectrum, and the percentage of this element in the sample 
for both methods of excitation, and the influence of some 
other factors on the duration of persistence are also indicated. 
Twelve samples, with chromium contents from 53-2% to 
72-1% were analysed on the basis of the above curves, the 
results agreeing well with those obtained chemically, the 
duration of an analysis being 6—7 min.—s. kK. 

Estimation of Tantalum and Niobium in Ferrotantalum, 
Ferroniobium and Steels. B. E. Jaboulay. (Revue de Métal- 
lurgie, Mémoires, 1948, vol. 45, Sept., pp. 343-346). The 
method of estimation described is based on the following 
facts: If tantalic and niobic acids are dissolved in mixed 
solution of sulphuric acid and hydrogen peroxide, perniobic 
acid is formed. If the acidity and dilution are suitably 
adjusted, heating to near 100° C. will cause the solution to 
become turbid and soon the tantalic acid will collect in flakes. 
After filtration, the perniobic acid is reduced by means of 
sulphite to niobic acid which precipitates out.—a. E. c. 

Colorimetric Determination of Manganese Compounds in 
Air. D. N. Finkelshtein and A. I. Kruzhevnikova. (Zavod- 
skaya Laboratoriya, 1948, vol. 14, Aug., pp. 998-1000). [In 
Russian]. The determination of the manganese compounds 
present in the brownish smoke produced in the electrical 
smelting of manganese steels and alloys, and the influence on 
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the analytical results of admixtures of iron, chromium, and 
nickel, are dealt with.—s. kK. 

An Indicator for Carbon Monoxide. V.S. Vylomov. (Zavod- 
skaya Laboratoriya, 1948, vol. 14, Sept., pp. 1134-1135). 
{In Russian]. In the compact, portable detector described, 
the carbon monoxide contained in a sample of air is caused 
to react with hopcalite, the heat of the reaction causing a rise 
in temperature which is measured with a number of thermo- 
couples connected in series. The device can also be used 
to give approximate quantitative determinations.—-s. k. 

Determination of Sulphur in Sulphur-Rich Coal. H. Guérin 
and Marthe Moreau. (Chimie et Industrie, 1948, vol. 60, Oct., 
p- 339). Results of tests on coals containing 5-12°%, sulphur, 
show that Eschka’s method can be applied to the determina- 
tion of sulphur in high-sulphur coals, if care is taken to prevent 
losses of sulphur, by slow initial heating.—R. F. Fr. 

The Determination of the Sulphur Content of Solid Fuels. 
J. Hamaker. (Chemisch Weekblad, 1948, vol. 44, Dec. 18, 
pp- 738-741). [In Dutch}. The Eschka and Stadnikow 
methods for determining sulphur in solid fuels are described 
and compared.—R. A. R. 


INDUSTRIAL USES AND APPLICATIONS 


Diversified Applications of Stainless Clad Steel. L. W. 
Townsend. (Steel, 1948, vol. 123, Sept. 6, pp. 95-96, 124, 
126). Applications of stainless-steel sheet in the automobile 
industry together with information on the best methods 
of fabrication by pressing and welding, are given.—J. P. s. 

Developments in Metals and Alloys for Chemical Plant 
Equipment. W. Z. Friend. (Chemical Engineering Progress, 
1948, vol. 44, July, pp. 501-510). The high-temperature 
properties and applications in the chemical industries of 
non-ferrous metals and alloys, and of iron-nickel alloys, 
stainless steels, and some special alloys auch as Multimet 
and Hastelloy C are reviewed.—R. A. R. 

Suitability of Mechanical Parts for Various Applications. 
A. Portevin. (Métaux, Corrosion, Usure, 1945, vol. 20, 
June, pp. 71-76; July, pp. 85-96; Aug., pp. 99-106). The 
author discusses in detail the factors that govern the choice 
of metal for specific purposes. In particular, reference is 
made to castability, liability to piping, blowholes, cracks, 
segregation, forgeability, weldability, corrodibility, harden- 
ability, machinability, and surface finish.—s. c. R. 

The Use of Stainless Steel in the Chemical and Food Process- 
ing Industries. J. A. McWilliam. (Murex Review, vol. 1, 
No. 1, pp. 1-11). The composition and properties of corrosion- 
resisting steels of the 18/8, 12/12, and 25/20 chromium-nickel 
types are described, and the effect of titanium, molybdenum, 
and niobium as stabilizers is noted. Many applications of 
these materials in the chemical, dairy, and brewing industries 
are described.—J. P. Ss. 

Proper Specification for Usage of Stainless Steel to Achieve 
Sanitation and Corrosion Resistance in Food Processing. 
R. C. Cunningham. (Food Technology, 1947, vol. 1, July, 
pp. 470-477: [Abstract] Centre de Documentation Sidérurgique, 
Bulletin Analytique, 1948, vol. 5, Feb., p. 52). Relative 
advantages of various stainless steels for the food processing 
industries are reviewed with particular reference to corrosion 
resistance, non-toxicity, etc. 


HISTORICAL 


The Northern Extension of the Wealden Iron Industry. 
H. R. Schubert. (Journal of The Iron and Steel Institute, 
1948, vol. 160, Nov., pp. 245-246). In this historical note the 
author cites and discusses evidence which has come to light 
since Straker’s book ‘‘ Wealden Iron ”’ regarding the northern 
limits of the Wealden iron industry. This evidence shows that 
extensive ironmaking and gunfounding were carried on at 
Brenchley north of Tunbridge Wells.—n. A. Rr. 

Who Discovered Stainless Steel ? ©. A. Zapffe. (Iron Age, 
1948, vol. 162, Oct. 14, pp. 120-129). The author has studied 
the early history of the investigation of iron—chromium 
alloys and the claims made on behalf of many workers as 
the “‘ discoverers ”’ of stainless steel. He observes that while 
the properties of iron—chromium alloys were studied by many, 
from 1820 onwards, following Stodart and Faraday’s announce- 
ment of their existence, the high carbon content of early 
alloys and an unfortunate choice of media for corrosion 
tests masked their corrosion-resistance. He considers that 
the most important examinations of the metallurgical 
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characteristics of ferritic, austenitic, and martensitic stainless 
steels were carried out by Guillet in 1904 on the range chrom- 
ium 0-32%, and carbon 0:-04-0-46°%, and in 1906 on the 
range, chromium 18-20%, nickel 5-4-29-4%, and carbon 
0-2-0-3%, by Portevin in 1909-11 on the range chromium 
13-32%, carbon 0-1-0-9%, and by Giesen in 1909 on the 
range chromium 3-30%, nickel 5-5-33%, and carbon 0-17- 
0-9%. He claims that Monnartz in 1911 explained the 
passivation phenomenon, the significance of the carbon 
content, the properties of titanium, vanadium, molybdenum, 
and tungsten of forming stable carbides, and noted the addi- 
tional corrosion resistance conferred by molybdenum and 
tungsten, working on a range of chromium, 11-20%. Mon- 
nartz is also credited with establishing the commercial 
utility of this range of steels; Brearley is placed as the 
discoverer of a new application, i.e., the use of these alloys in 
cutlery. The credit for the commercial application of chrom- 
ium-nickel grades goes to Maurer alone, working at Krupp’s 
on the steels examined by Guillet. There are fifty-five 
references.—J. P. S. 

The Alloy Steel Industry—Its Early History. (Iron Age, 
1948, vol. 162, Oct. 14, pp. 148-154, 266). The history of 
alloy steels is traced from Stodart and Faraday’s iron—nickel 
alloy of 1818, through the discoveries of Mushet, Brustlein, 
and Hadfield to the expanding use of alloy steels in the 
United States for automobile construction which began 
about 1900. The origins of the most widely used compositions 
are established, and tribute is paid to Jominy and Boegehold, 
Davenport and Bain, and Grossmann for their contributions 
to the study of hardenability.—4J. P. s. 

Osmond and the Crystallography of Iron. J. Paidassi. 
(Métaux et Corrosion, 1946, vol. 21, Apr., pp. 54-59). In this 
review of the work of Floris Osmond, the author traces the 
course of his investigations on the crystal structure of iron 
and briefly considers which of his conclusions are still tenable. 

J. ©, Re 

** Current Theories of Hardening of Steel ”—50 Years Later. 
J. B. Austin. (Sauveur Memorial Lecture: Metal Progress, 
1948, vol. 54, Aug., pp. 201-208). This is a discussion of the 
theories of hardening current at the time of Sauveur’s paper 
in 1896 entitled ‘“‘ The Microstructure of Steel and Current 
Theories of Hardening ’’ and the advances made since that 
date in knowledge of the mechanism of hardening.—R. E. 

Notes on Foundry Developments and Progress Since 1911. 
J. Léonard. (Fonderie, 1947, Jan., pp. 477-486). A general 
review is given of changes that have taken place in the foundry 
in the last forty-five years.—J. C. R. 

The Progress of Secondary Metallurgy. H. K. Worner. 
(Australian Institute of Metals: Australasian Engineer, 
1948, May 7, pp. 52-62). The author first explains that the 
two major branches of metallurgy * extractive ’ and ‘ adaptive’ 
are in Australia referred to as ‘ primary’ and ‘ secondary’ 
metallurgy ; he then reviews in chronological order outstand- 
ing discoveries, inventions, and improvements relating to 
‘ secondary ’ metallurgy.—Rr. A. R. 

A Century of Hungarian Foundry Practice. I. Pattantyus- 
Abraham. (Banydszati és Kohaszati Lapok, 1948, vol. 3, 
No. 7, pp. 188-192). [In Hungarian]. The Hungarian foundry 
industry celebrates its centenary this year and this paper 
briefly reviews its history.—E. G. 

Michail Alexandrovich Pavlov. fF. Pisek. (Hutnické 
Listy, 1948, vol. 6, June, p. 161). [In Czech]. M. A. Pavlov 
has been closely associated with the development of pig iron 
production in Russia during the last 50 years. After taking a 
mining degree he worked for 15 years at ironworks in the 
Urals and Southern Russia and his main interest was the 
study of the blast-furnace process. He was the first to deter- 
mine experimentally the heat-energy and material balances 
of the blast-furnace process and published a book on this 
subject in 1893. From 1904 he has been the Head of the 
Institute for Pig Iron Technology in the Leningrad Technical 
University. He is the author of widely used reference books- 
agee Physical and Chemical Data for Calculation of Blast- 
Furnace Processes ”’ (1911), and has been for many years the 
editor of the most important Russian metallurgical journals 
such as Zhurnal Ruskovo Metallurgicheskevo Obshchenstva, 
Sovietskaja Metallurgija, and Novosti Inostrannoj Metalurgit. 
Pavlov participated in the solution of the important metal- 
lurgical problems of the Soviet Union and was responsible 
for the tests with new raw materials and fuels, the production 
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of new types of pig iron, and the use of oxygen-enriched air 
for blast-furnaces. His theory on the influence of the physical 
and chemical properties of the burden on the blast-furnace 
process was confirmed by practical experience, and his 
knowledge was invaluable in the design and standardization 
of blast-furnaces of 930 and 1300 cu. m. capacity. Since 
1934 Pavlov has carried out blast-furnace research on very 
large capacity blast-furnaces and has achieved good results, 
particularly as regards use of new types of coke. Between 
1944 and 1947 he published two important works: “ Metal- 
lurgija Chuguna” (Pig Iron Metallurgy) in three volumes, 
and “* Raschot Domyenich Shicht”’ (Calculation of the Blast- 
Furnace Charge).—. G. 


ECONOMICS AND STATISTICS 


Organisation in the Steel Industry. (British Iron and Steel 
Federation, Monthly Statistical Bulletin, 1948, vol. 23, 
Oct., pp. 1-9). Some aspects of the organization of the 
British iron and steel industry are discussed, in particular, 
competition, constructive co-ordination, research and develop- 
ment, and public supervision are dealt with.—n. A. R. 

Steel-Making Capacity. (British Iron and Steel Federation, 
Monthly Statistical Bulletin, 1948, vol. 23, Sept., pp. 1-6). 
The productive capacity of the British iron and steel industry, 
the demands for its products over the last 28 years, 
and the present position are reviewed. On this basis, and 
having regard to the development plans in progress and a 
possible import of 500,000 tons of steel, it is believed that the 
estimated requirements of 18 million tons per annum for the 
early 1950’s will be met.—R. A. R. 

The Work and Organization of a Statistical Department in 
Heavy Industry with Particular Reference to the Steel Industry. 
A. W. Swan. (Journal of The Iron and Steel Institute, 1948, 
vol. 160, Sept., pp. 1-20). The paper is divided into three 
parts. Part I deals with the basic theory. It points out that 
the main purpose of present-day statistics is to provide the 
best possible information about large numbers, through the 
use of small numbers. The use of sampling in giving speedy 
notice of change in level and/or spread through the quality- 
control type of chart is illustrated in an example of steelworks 
costs. Next considered are statistical “‘ significance :’ tests, 
used to determine whether a difference in comparative 
tests is real or accidental, followed by the analysis-of-variance 
technique used for analysing complex situations. The conclud- 
ing section deals with the use of correlation—regression methods 
in the study of the relationships of two or more properties. 

Part II gives five examples of the application of statistical 
techniques and the resulting benefits, set out on a common 
plan: Problem, preliminary work, statistical analysis, 
results, and benefits. These examples differ from each other in 
regard to the type of problem, the technical and statistical 
approach, and the resulting benefits. They are: Quality 
control in a machine shop, sampling of silica brick, factors 
affecting quality of Bessemer rails, effects of coke quality and 
other variables on blast-furnace performance, and control 
and inspection of hot-rolled steel bars. 

Part III is concerned with staffing and organization of 
statistical work. It recommends that statistical analysis 
should be assigned to an existing section of an organization— 
production, research, or inspection—and that the chief 
requirements for the statistical investigator should be: 
(1) An ability to understand the point of view and difficulties 
of the practical men he is to help, (2) ability to size up and 
analyse the problem, and (3) a sound knowledge of math- 
ematics. Suggestions are made on the organization of the 
work, with particular reference to the part played by higher 
management. The final section deals with reports, stressing 
that they must be essentially practical in outlook and simple 
in language. 

Statistical Methods and Their Applications in the Field of 
Industrial Techniques. M. Dumas and P. Maheu. (MémoriaI 
de l’Artillerie Frangaise, 1948, vol. 22, Pt. 2, pp. 413-481). 

The Applications of Statistical Analysis Methods to Organiza- 
tion and Research in Industry. R. Girschig. (Mémoires de la 
Société des Ingénieurs Civils de France, 1947, vol. 100, 
Sept.—Oct., pp. 587-611). See Journ. I. and §.I., 1948, vol. 
159, June, p. 237. 

Steel and Nationalisation. J. H. Jones. (Iron and Coal 
Trades Review, 1948, vol. 157, Oct. 15, pp. 859-860 ; Oct. 22, 
pp. 915-917 ; Oct. 29, pp. 971-975 ; Nov 5, pp. 1039-1040). 
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Nationalisation of The Metallurgical and Mechanical 


Construction Industries in Czechoslovakia. Marle. 
(Génie Civil, 1948, vol. 125, Nov. 1, p. 414). First results of 
these industries since nationalization are briefly given.—R. F. F. 

Swedish Mining Statistics, Collected from Swedish Board of 
Trade Reports. (Jernkontorets Annaler, 1948, vol. 132, 
No. 10, pp. 447-458). [In Swedish]. Eighteen tables are 
presented giving data on Swedish ore production ; the iron, 
steel, and ferroalloys made by different processes ; furnaces 
in use; and fuel consumption. In most cases the period 
covered is 1911 to 1946.—nr. a. R. 

10:7 Million Tons of Steel—but How? P. Voltz. (Stahl 
und Eisen, 1948, vol. 68, Nov. 4, pp. 427-431). The conditions 
necessary for increasing the production of steel in Western 
Germany to 10-7 million tons/annum are discussed with 
particular reference to the selection of works which are to be 
dismantled.—nr, A. R. 

War Effects on the German Steel Industry. J. E. Graf. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 79-84). The author records his impressions of the 
state of the German steel industry, its development for war 
requirements, and the effects of the war.—R. E. 

Iron and Steel in the Philadelphia District. T. J. Ess. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 290-302). See Journ. I. and §.I., 1947, vol. 157, 
Sept., p. 157. 


MISCELLANEOUS 


Metallurgy and Its Place in Engineering Education. J. 
Chipman. (Metal Progress, 1948, vol. 54, Aug., pp. 190-194). 
In this paper, which is an abridgment of an address before 
the American Society for Engineering Education, the author 
outlines the field of modern metallurgy, and describes the 
courses of study set at the Massachusetts Institute of Tech- 
nology.—R. E. 

The Organization of Management. K. Kleine. 
fiir das Eisenhiittenwesen, 1948, vol. 19, pp. 93-96). 

Management Looks at Training. R. 8S. Falk. (Transactions 
of the American Foundrymen’s Association, 1947, vol. 55, 
pp- 301-308). Apprenticeship is compared to war-time 
training methods and the requirements for re-establishing 
successful apprenticeship programmes are discussed.—R. F. F. 

Management’s Stake in Training Foremen. S. G. Garry. 
(Transactions of the American Found en’s Association, 
1947, vol. 55, pp. 392-394). The position and duties of foremen 
in industrial organizations and methods of training foremen 
are discussed.—R. F. F. 

Scientific Work in Industry. I. P. Bardin. (Zavodskaya 
Laboratoriya, 1948, vol. 14, Sept., pp. 1023-1027). [In 
Russian]. The achievements of applied research in Russian 
industry, particularly ferrous metallurgy, are described and 
future aims and guiding principles are discussed.—s. K. 

The Technical Trends in Steel Research. E. C. Bain. 
(Engineers Club, St. Louis: Blast Furnace and Steel Plant, 
1948, vol. 36, Oct., pp. 1222-1225, 1240). The author discusses 
in general terms the developments in the last 25 years in 
alloy steels, welding, high-strength structural steels, machine- 
ability, ore-beneficiation, and the use of oxygen in the blast- 
and open-hearth furnaces.—J. P. 8. 

Use of Wood Models in Designing and Planning. G. W. 
Schuller. (Transactions of the American Foundrymen’s 
Association, 1946, vol. 54, pp. 483-488). The application of 
wood models in industry to facilitate planning and design is 
discussed, and a number of examples are illustrated.—r. rE. 

The Manufacture of Oxygen in Large Quantities for Industrial 
Uses. M. J. Conway. (Proceedings of the Association of 
Iron and Steel Engineers, 1947, pp. 125-132). See Journ. 
I. and §.I., 1947, vol. 156, Aug., p. 572. 

Spring Steels “‘ Air Fabricated.” (Steel, 1948, vol. 123, 
Sept. 20, pp. 110, 113). Compressed air is used in assembling 
and lubricating leaf springs, coiling cultivator shanks, 
operating pneumatic brushing tools, and in agitating plating 
tanks at the United States Spring and Bumper Co., Los 
Angeles.—4J. P. s. 

Vacuum Metallurgy. R. A. Stauffer. (Chemistry and Industy, 
1948, Oct. 9, pp. s-19-s-26). The author reviews the present 
stage in the development of vacuum technique for preparing 
metals from ores and oxides, refining metals, removing 
dissolved gases, melting and casting, heat-treating, and 
applying coatings to metals.—nr. A. R. 
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The Scheduling of Maintenance Shops. lL. E. Fuller. 
(Proceedings of the Association of Iron and Steel Engineers, 
1947, pp. 235-243). See Journ. I. and S.I., 1947, vol. 157, 
Sept., p. 157. 

Storage Yard Materials Handling. F.C. Wier. (Proceedings 
of the Association of Iron and Steel Engineers, 1947, pp. 
590-597). See Journ. I. and §.I., 1948, vol. 158, Jan., p. 159. 

Clarification and Filtration Plant Supplies Controlled Purity 
Water. (Iron Age, 1948, vol. 162, Oct. 28, pp. 68-69). A 
water-purification plant for treating canal water for use in 
electrotinning and pickling plants is described.—4J. P. s. 

Feedwater for High Pressure Boilers. H. O. Tulcinsky. 





-1 
or 


(Technique de l’Eau, 1947, Nov., pp. 13-14: [Abstract] 


Revue Universelle des Mines, 1948, Series 9, vol. 4, Oct., 
pp. 561-562). 

The Redesign of a Direct Fired Die Heater. R. M. Rush, 
H. A. Pietsch, and D. H. Marlin. (Proceedings of the 
Association of Iron and Steel Engineers, 1947, pp. 762-765). 
See Journ. I. and S.I., 1948, vol. 158, Mar., p. 414. 

Amplifiers for Direct Current. N.O.Chechik. (Zavodskaya 
Laboratoriya, 1948, vol. 14, Apr., pp. 423-431). [In Russian]. 
The characteristics of various amplification circuits for 
small direct currents are discussed, and a brief account of the 
theory is given. 


BOOK NOTICES 


Dinspare, C. “ Prevention of Iron and Steel Corrosion.” 
Processes and Published Specifications. 8vo, pp. 67. 
London, 1948: The Louis Cassier Co., Ltd. (Price 5s.). 

The author has attempted to compile an index of the 
numerous processes for the prevention of the corrosion of 
iron and steel and the standard specifications connected 
therewith. Part 1 deals with methods of preventing 
corrosion, and these are classified under the eleven following 
groups: (1) Metallic coatings, (2) oxide, chromate and 
phosphate coatings, (3) oil paints, enamels, lacquers, tars, 
and bitumens, (4) plastic coatings, (5) vitreous enamelled 
coatings, (6) organic preventives, (7) concrete, cement, 
rubber and asbestos coatings, (8) paper wrappings, (9) de- 
hydration methods, (10) electrolytic methods, and (11) 
water treatment. Part 2 deals with processes for the 
cleaning of metal parts and Part 3 with codes of practice. 
Appendix | gives a list of authorities issuing specifications 
and Appendix 2 tabulates paint and paint component 
specifications.—R. E. 

F.1.A.T. Review or GERMAN SCIENCE, 1939-1946. ‘“‘ Non- 
Ferrous Metallurgy,’ Parts I and II. Senior Author 
M. Hansen. 8vo, Part I, pp. 207, Part II, pp. 171, Berlin, 
1948: Office of Military Government for Germany. Field 
Information Agencies, Technical. [In German]. 

The series of reviews of German war-time scientific 
work prepared by German scientists has now received 
the addition of a two-part volume on non-ferrous metal- 
lurgy. Of the first part, 57 pages are devoted to the 
extraction and refining of non-ferrous metals, ranging 
in length from 12 lines on the production of potassium 
by reduction of potassium fluoride by calcium carbide 
to 14 pages on the refining of light metal scrap. 
The commoner metals, zinc, copper and lead are well 
covered and there are briefer passages on the extraction of 
beryllium, magnesium, titanium, zirconium, thorium, 
uranium, manganese, cadmium, indium, thallium, silicon, 
and antimony, and on the reduction of oxides of niobium, 
chromium, tantalum, etc., by hydrogen. The remainder 
of this part deals mainly, and at some length, with the 
properties and processing of aluminium and its alloys, 
sections on the physical, mechanical, and chemical properties 
being given, together with others on the melting, casting, 
sheet-rolling, forging, welding, corrosion protection, and 
chemical analysis of the alloys. Briefer passages are included 
on the properties of magnesium and beryllium and their 
alloys. 

The second part treats in similar fashion the alloys of 
nickel, copper, lead, zinc, and the noble metals, devoting 
most space to zinc and its alloys (44 pages), and bearing 
metals (46 pages). There is also a section of 22 pages on 
powder metallurgy, which includes sintered iron and steel 
and the manufacture of carbide dies and tool-tips, as well 
as a brief note on vacuum melting and casting. 

Many well known German metallurgists have contributed 
to this compilation, and have, in most cases, given copious 
references to published literature and patent specifications. 
The editing, arrangement, and indexing are, considering 
the circumstances of its production, creditable.—J. P. s. 

Henpry, A. W. ‘“ An Introduction to Photo-elastic Analysis.” 
8vo, pp. viii + 152. Illustrated. London, 1948: Blackie 
and Son, Ltd. (Price 7s. 6d.). 

In the preface the author rightly says ‘‘ photo-elastic 
analysis has generally remained something of a mystery 
to the practising engineer,” but it certainly will not remain 
a mystery to those who read this informative little book. 
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The first two chapters deal with fundamentals, 7.e., 
elastic theory and the optics essential to the proper under- 
standing of photo-elastic phenomena. Although both 
subjects are adequately covered, no great knowledge of 
mathematics is necessary to understand them. Chapter 3 
is devoted to a description of the behaviour of stressed 
transparent materials in the polariscope. Chapter 4 
concerns the reduction of data from photo-elastic tests. 
This chapter requires reading with considerable care, but 
it is improbable that the subject has ever been more simply 
expressed. Chapter 5 is a particularly useful one and after 
reading it there is no reason why an engineer should not 
easily be able to construct his own photoelastic apparatus. 
Besides describing the use of a Nicol prism for obtaining 
polarized light, he also considers the use of ‘ Polaroid’ 
and shows how quarter-wave plates may be made from 
cellophane. A polariscope using a piece of plate glass for 
the polarizer and a Polaroid dise for the analyser is also 
described. Chapter 6 is devoted to a consideration of 
compensators, a photoelastic interferometer, lateral 
extensometers, and a membrane analogy apparatus. 
Chapter 7 deals with a number of photoelastic materials 
and gives particulars of the trade names and sources of 
supply. Chapters 8 to 10 deal with the preparation of 
models and test procedure, with practical applications of 
photoelasticity and with frozen stress patterns and the 
procedure by which they are obtained. 

At 7s. 6d. this book is remarkably good value for 
money.—J. FERDINAND KAYSER. 

Hume-RotrHery, W. ** Electrons, Atoms, Metals and 
Alloys.” 8vo, pp. 377. Illustrated. London, 1948: The 
Louis Cassier Co., Ltd. (Price 25s.). 

This book as the author stresses, is primarily intended 
for the metallurgist, trained possibly 30 to 40 years ago. 
To him, the electron theory of metals is something of a 
mystery, developed because the physicist and mathemati- 
cian have adopted an interest in this oldest art of metal- 
lurgy. These, possibly more theoretical, scientists have 
now wrapped the more factual study of metals into a 
mathematical shroud understood only by themselves. 
The physicist has started from theories of atoms and funda- 
mental particles, whilst the metallurgist has started with 
the bulk metal and a knowledge of technical treatments 
which can be made to produce certain required properties 
in the metal. Their worlds, and the terms used to describe 
them, must necessarily have been different. A difficulty 
which must be appreciated by the metallurgist is that, 
whilst his language is used by a vast number of people in 
all stages of metal processing and manufacture, and thus 
approaches everyday language, that of the physicist 
covers a field not normally used by the layman and his 
words have been given special meanings. 

Several books have been written by these physicists 
to try to convey their ideas and their explanation of metals, 
by electron theories, to the metallurgist. Unfortunately 
little effort was devoted to making the terminology under- 
standable. A great objection, especially from the practical- 
minded metallurgist, was the difficulty in seeing connections 
between their new theories and the practice of making, 
casting, and working metals. 

Hume-Rothery has now filled this gap between the 
metallurgist and the metal physicist as well as that between 
the metallurgist and the more elementary treatments of 
metal physics. His book is also well worth reading by those 
more directly concerned with the physics side because it 
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presents a picture of the whole subject without going so 
deeply into the details that the wider bearing becomes lost. 

The subject matter is divided into four parts with many 
chapters of only a few pages each, so that it can easily 
be taken up at short intervals without becoming too dis- 
continuous. The treatment is unusual, taking the form of a 
dialogue between an older metallurgist and a younger 
scientist. This does make the book longer than a textbook 
containing the same amount of information, but there is 
the great advantage of continued and repeated discussion 
about every major item. This really brings out many of 
the points so easily missed or misunderstood in conventional 
scientific and technical literature. The questions put 
by the older metallurgist are not naive ; they bring up the 
difficulties experienced by many not very well versed 
in the subject—they are in fact the questions you and I 
want to ask, and we do not always have the opportunity 
of asking such an able author. Dr. Hume-Rothery must 
have made many mental notes in the past! At frequent 
stages he points out possible applications of the theoretical 
work, and he thus merges the two fields of science which are, 
in fact, rapidly becoming interdependent. 

It should be emphasized that this book is not intended 
for continuous reading since the style adopted by the author, 
in this instance, would then be very tiring. The references 
quoted should be read for a more concentrated study. 

Part I covers the groundwork of the subject and outlines 
the electron theory of the atom, giving the Bobr theory, 
leading on to ideas of quantum mechanics and the treatment 
of motion and energy on this small scale of atoms and 
electrons. The uncertainty principle first proposed by 
Heisenberg is very difficult to appreciate. Even when 
explained by the analogy of simultaneous measurement of the 
velocity and position of an electron, there is nearly always 
a sense of falseness left in the reader’s mind. Dr. Hume- 
Rothery has, I think, successfully made the point here. 
The mathematical tool for studying this theory, wave 
mechanics, is developed without intricate details, and 
applied to the atomic states of the elements, including 
the important Pauli principle governing the numbers of 
eléctrons which are allowed in any state. 

Part II advances the theory from that of an atom to 
the metal as a whole crystal and series of crystals. The 
electron theories of metals are introduced here. The 


distribution of electron energies and Brillouin zones leads 
to explanations of crystal structures and certain properties 
of the elements. The atomic radius and valency effects are 
considered in some detail. Mechanical deformation is 
not dealt with at very great length. 

The development is extended in Part IIT to alloys, with 
explanations of some features of equilibrium diagrams 
and the phases formed in alloys. A section on super- 
lattice structures terminates the story of the electron 
theory of metals. 

Part IV gives a necessarily brief description of present 
ideas about the atomic nucleus, a broad outline of radio- 
activity and includes an up-to-date description of the 
fundamental particles of matter.—G. M. LEak. 

SourueatTe, B.A. ‘ Treatment and Disposal of Industrial 
Waste Waters.’’(Department of Scientific and Industrial 
Research). 8vo, pp. vii + 327. London, 1948: H.M. 
Stationery Office. (Price 12s. 6d). 

This book, the first to be published on this subject for 
35 years, describes much of the work of the Water 
Pollution Research Laboratory and also includes the chief 
results of the work of others in many parts of the world. 
In the first two chapters an account is given of the results 
which may follow from the discharge of different types 
of industrial wastes to surface waters and the influence 
which these discharges may have on the use of water for 
different purposes. The third chapter describes the effects 
of polluting substances on fisheries and includes data on the 
toxicity of the more important constituents of industrial 
effluents. Chapters 4 and 5 deal with modern methods of 
treatment of sewage and with general methods of treatment 
and disposal of industrial waste waters. Each of the remain- 
ing chapters describes the methods used in purifying waste 
waters from particular types of industry. Of special 
interest to those engaged in the iron and steel and non- 
ferrous metal industries are those chapters which deal with 
the waste waters from the mining and washing of coal, 
the polluting liquids from gasworks and coke ovens, 
waste pickling liquor, and the waste waters from anodizing 
and electroplating plants. The plan has been followed of 
describing the various methods of treatment which have 
been tried in each industry, and giving a summary of the 
results of the treatment in a series of tables, from which 
the success of the methods can be judged.—r. E. 


NEW PUBLICATIONS 


British OxyYGEN Co., Lrp. “ Oxygen. Its Potentialities 
in Iron and Steel Production.” 4to, pp. v + 51. Illus- 
trated. London, 1948 : The British Oxygen Co., Ltd. 

British STANDARDS INSTITUTION. “ British Standards 
for the Automobile Industry.” B.S. Handbook No. 8. 
1948 Edition. 8vo, pp. 335. London, 1948 : The Institu- 
tion. (Price 15s.). 

British STanpaRDs InstiruTion. B.S. 460 and 1205: 
1948. “Cast Iron Rainwater Goods.” 8vo, pp. 53. 
London, 1948: The Institution. (Price 5s.). 

British STanDARDS Institution. B.S. 1121: Part 6: 
1948. ‘“‘ Methods for the Analysis of Steel.” Part 6: 
” Nickel Present in Small Amounts in Carbon and 
Low-Alloy Steels.” 8vo, pp. 10. London, 1948: The 
Institution. (Price 1s.). 

British STANDARDS InstiTUTION, B.S. 1469: 1948. ‘ Coal 
Tar Liquid Fuels.” 8vo, pp. 21. London, 1948: The 
Institution. (Price 2s. 6d.). 

Cuesters, J. H. “ Iron and Steel.” 8vo, pp. 116. Illustrated. 
London, 1948 : Thomas Nelson and Sons, Ltd. (Price 5s.) 

DaLLAVALLE J. M. “‘ Micromeritics. The Technology of 
Fine Particles.” Second Edition. 8vo, pp. xxvii -- 555. 
London, 1948: Sir Isaac Pitman and Sons, Ltd. (Pricé 
42s. 6d.). 

FrenpureH, W. and R. Eve.ey. 
Case for Nationalisation.” 8vo, pp. 136. 
1948 : Victor Gollanez, Ltd. (Price 3s. 6d.). 

Grosso, J. ‘‘ Thermique Pratique.”’ 8vo, pp. xiii +- 142. 
Paris, 1948 : Dunod. 

Hormann W. und O. Scumrrz. ‘“ Metallkunde.” 8vo, pp. 
vii -+- 112. Hanover, 1948: Wolfenbiitteler Verlagsan- 
stalt. (Price 7.50 DM.). 


“Steel is Power. The 
London, 
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Hovueuron, R. 8. ‘ Metal-cutting Tools.” 8vo, pp. 283. 
25s.). 


London, 1948: Chapman and Hall, Ltd. (Price 25s. 

InpustRIAL RESEARCH INSTITUTE INc. “ Research in 
Industry. Its Organization and Management.” C. C. 
Furnas, Editor. 8vo, pp. xii -+ 574. Illustrated. New 
York, 1948 : D. Van Nostrand Co., Inc. (Price 36s.). 

INsTITUTE oF Puysics. ‘“ The Measurement of Stress and 
Strain in Solids.” (Physics in Industry). 8vo, pp. xi + 
114. Illustrated. London, 1948: The Institute. (Price 
17s. 6d.). : 

Jackson, L. C. “ Low Temperature Physics.’ Second 
Edition. Sm. 8vo, pp. vii + 130. Illustrated. London, 
1948 : Methuen and Co., Ltd. (Price 6s.) 

JauncrEy, G. E. M. ‘“ Modern Physics.” Third Edition. 
8vo, pp. xiii + 561. Illustrated. New York, 1948: 
D. Van Nostrand Co., Inc. 

Jonres, J. H. “ The Steel Industry and Nationalisation.” 
8vo, pp. 32. London, 1948: Sir Isaac Pitman and Sons, 
Ltd. (Price 1s.) 

“ New Ways of Building.” Edited by E. de Maré.  4to, 
pp. 235. Illustrated. London, 1948: The Architectural 
Press, (Price 30s.). 

Séréerran D. ‘“ Les Soudures. Technique, métallurgie 
céntrole des soudures.”” 8vo, pp. 239. Illustrated. Paris, 
1948. (Price 950 frs.). 

Watson, Mary. ‘“ Sheffield—Its Story and its Achievements. te 
8vo, pp. 269. Illustrated. Sheffield, 1948. (Price 10s. 6d). 

Woopcock, F. L. ‘“ Designs of Metal Cutting Tools.” 
8vo, pp. 406. New York, 1948 : McGraw-Hill Book Co., 
Inc. ; London : McGraw-Hill Publishing Co., Ltd. (Price 
30s.). 


FEBRUARY, 1949 














